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1 Introduction

1.1 Purpose

This document describes the released product files for the Version 6.0.7.0 (V6.0.7.0) delivery of
the AIRS Science Processing System (ASPS). These products incorporate data from the AIRS,
AMSU-A (AMSU-A1 + AMSU-A2) and HSB instruments.

1.2 Product Overview

Level 1B science data is calibrated instrument measurements in physical units. Data from the
AIRS instrument is divided into separate products: AIRIBRAD has infrared data, while
AIRVBRAD has Vis/NIR data. The corresponding AIRIBQAP and AIRVBQAP QA subset
files exclude radiances and other large fields to deliver quality information in a compact format.

AIRS IR and Vis/NIR radiances are in radiance units, while MW instrument data AIRABRAD
and AIRHBRAD are in brightness temperature units.

Level 1C Ir (AIRICRAD) science data has had various corrections applied in addition to
calibration.

The Level 1B calibration subset product (AIRXBCAL) collects selected data from AIRS IR,
Vis/NIR and AMSU-A for use in calibration.

In Level 2, atmospheric and surface quantities are estimated from the Level 1B data.

Level 2 products are cloud-cleared radiances (AIRI2CCF) and atmospheric parameters
(AIRX2RET and AIRX2SUP). The standard retrieval product AIRX2RET is designed for the
general user, while the support product (AIRX2SUP) contains interim and experimental portions
intended for use by the AIRS team and others willing to make a significant investment of time in
understanding the product.

Each Level 1B, and Level 2 science file type contains data from 6 minutes of observations in
HDF-EOS Swath format.

Level 3 standard files grid data from AIRX2RET standard retrieval product in daily
(AIRX3STD), eight-day (AIRX3ST8), and monthly (AIRX3STM) HDF-EOS Grid products. A
more detailed set using 100-layer support profiles is included in Level-3 support products
AIRX3SPD, AIRX3SP8, and AIRX3SPM. There is also a Level-3 research product for internal
project use with intermediary products and quality indicators: AIRX3RED, AIRX3RES, and
AIRX3REM.



Level 3 quantized files also grid data from AIRX2RET, but, in this case, into coarser 5-day
(AIRX3QP5) and monthly (AIRX3QPM) products, with information on multiple clusters within
each grid cell retained.

The RaObs (AIRX2MAT) and fixed-site (AIRX2MTL) Match-Ups contain Level 1B, Level 2,
and forecast data that match ground truth measurement locations in HDF-EOS Swath format.

All AIRX2, AIRI2 and AIRX3 products are produced when Level 2 is run, using AIRS and
AMSU-A instruments. Variations with AIRH* are produced, using AIRS + AMSU + HSB.
Variations with AIRS* are produced, using only the AIRS instrument.

AIRS products are archived at the GSFC DAAC archive. These product formats are defined in
the product interface specifications, provided in Appendix A.

The basic product and QA file types are shown in Table 1.

Table 1. Product and QA File Types

ESDT Shortname Mnemonic Name
AIRIBRAD L1B_AIRS_SCIENCE
AIRIBQAP L1B_AIRS_QA
AIRVBRAD L1B_VIS_SCIENCE
AIRVBQAP L1B_VIS_ QA
AIRABRAD L1B_AMSU_SCIENCE
AIRABQAP L1B_AMSU_QASup
AIRHBRAD L1B_HSB_SCIENCE
AIRHBQAP L1B_HSB_QASup
AIRXBCAL L1B_Calibration Subset
AIRICRAD L1C_AIRS_SCIENCE
AIR*2RET L2_Standard_atmospheric&surface_product
AIR*2CCF L2_Standard_cloud-cleared_radiance_product
AIR*2SUP L2_Support_atmospheric&surface_product
AIR*3STD L3_Standard_Daily
AIR*3STS8 L3_Standard_Multiday
AIR*3STM L3_Standard_Monthly
AIR*3SPD L3_Support_Daily
AIR*3SP8 L3_Support_Multiday
AIR*3SPM L3_Support_Monthly
AIR*3RED L3_Research_Daily
AIR*3RES L3_Research_Multiday
AIR*3REM L3_Research_Monthly
AIR*3QP5 L3_Quant_Pentad
AIR*3QPM L3_Quant_Monthly

Special Note for V6.0: Level-1 products are not being updated for the v6.0 release, so the
Level-1B section in Appendix Al is unchanged from v5.0.



1.3 Applicable Documents

AIRS Version 5.0 Processing Files Description, JPL D-38428, Version 1.2, November 2007
AIRS Version 4.0 Processing Files Description, JPL D-31231, Version 1.1, August 2005
AIRS Version 3.0 Processing Files Description, JPL D-26382, June 2003

AIRS Version 2.7 Processing Files Description, JPL D-25941, March 2003

AIRS Version 2.5.1 Processing Files Description, JPL D-20001, September 2002

Interface Control Document between the Earth Science Data and Information System (ESDIS)
and the AIRS Science Processing Systems (ASPS), Earth Science Data and Information System
Project Number 423-42-07, JPL D-22992, February 2002

Operations Agreement (OA) between the Goddard Space Flight Center (GSFC) Distributed
Active Archive Center (DAAC) and the AIRS Team Leader Science Computing Facility
(TLSCF), JPL D-23045, January 2002

AIRS Science Processing System Software Development Methodology, JPL D-18573, February
19,2000

AIRS Product Generation System (PGS) Version 2.1 Requirements and Design Document, JPL
D-19556, January 2001

AIRS Product Generation System (PGS) Version 1.5 Requirements and Design Document, JPL
D-18926, January 2001

AIRS Product Generation System (PGS) Version 1 Requirements and Design Document
(Preliminary), JPL D-17851, Version 1.1, July 1999

AIRS Version 2.0 System Description Document, Version 2.0, JPL D-19557, August 2000

AIRS Science Software Integration and Test Procedures and Agreement with the Goddard
Distributed Active Archive Center, JPL D-16791, Version 3, Revision 2.0, June 1, 2000

AIRS Product Generation System (PGS) Prototype 8 Requirements and Design Document
(Preliminary), JPL D-16451, Version 1.0, December 1998

AIRS Data Processing and Instrument Operations (DPIO) Software Requirements Document,
JPL D-16785, Version 1.0, April 3, 1998



1.4 Acronymns

AIRS
AMSU-A

APID
ASPS
AVN
BRTEMP
DAAC
DECOM
DN
DPIO
ECS
EDOS
EMOS
ENG
EOS
ESDIS
ESDT
FOR
FOV
GCM
GRIB
GSFC
HSB
HDF
ICD
IR
LIB
L2

L3
LGID
LID
MW
NCEP
NDVI
NIR
NOAA
NWS
OA
PCF
PDS
PGE
PGS
PSA

Atmospheric Infrared Sounder

Advanced Microwave Sounding Unit - Version A (AMSU-AT1 and
AMSU-A2)

Application Process Identifier

AIRS Science Processing System

Aviation (Global Forecast System Model)
Brightness Temperature

Distributed Active Archive Center
Decommutation

Data Number

Data Processing and Instrument Operations
EOSDIS Core System

EOS Data Operations Service

EOS Mission Operations System
Engineering

Earth Observing System

Earth Science and Data Information System
Earth Science Data Type

Field of Reguard

Field of View

General Circulation Model

GRIdded Binary

Goddard Space Flight Center

Humidity Sounder for Brazil

Hierarchical Data Format

Interface Control Document

Infrared

Level 1B

Level 2

Level 3

Local Granule ID

Logical ID

Microwave

National Centers for Environmental Prediction
Normalized Differential Vegetation Index
Near Infrared

National Oceanic and Atmospheric Administration
National Weather Service

Operations Agreement

Process Control File

Product Description Section (NCEP Office Note 388 (ON388))
Product Generation Executive

Product Generation System

Product Specific Attributes



QA
SCF
SDPS
SPS
SSI&T
TAI
TLSCF
UR
UTC
Vis
WMO

Quality Assessment

Science Computing Facility

Science and Data Processing Segment
Science Processing System

Science Software Integration and Test
Universal Atomic Time

Team Leader Science Computing Facility
Universal Reference

Coordinated Universal Time

Visible

World Meteorological Organization



Appendix A1. Single-Swath Fixed-Format Product Interface
Specifications

Each file contains all observations of a given type made during a period of exactly 6 minutes.
For each day there are 240 granules, numbered 1-240. Over the course of 6 minutes the EOS-
Aqua platform travels approximately 1500 km, and the AIRS-suite instruments scan (whisk
broom) a swath approximately 1500 km wide.

Start times of granules are keyed to the start of 1958. Because of leap seconds, they do not start
at the same time as days do. For data from launch through 12-31-2005, granule 1 spans
00:05:26Z - 00:11:26Z and granule 240 starts at 23:59:26Z and ends at 00:05:26Z the next day.
For data 12-31-2005 through the next leap second, granule 1 spans 00:05:25Z - 00:11:25Z and
granule 240 starts at 23:59:25Z and ends at 00:05:25Z the next day.

These products have exactly one swath per file. The swath name is given in the interface
specification.

The names of all dimensions, geolocation fields, fields and attributes are exactly as given in the
"Name" column of the appropriate table, including underscores and capitalization.

The "Explanation" information, as provided in the product interface specifications, is a guide for
users of the data and is not included the product files.

The contents of the "Type" column of the attribute and field tables can either specify a standard
HDF type or a special AIRS type. The standard HDF types used by AIRS are:

String of 8-bit characters (Attributes only)
8-bit integer

8-bit unsigned integer

16-bit integer

16-bit unsigned integer

32-bit integer

32-bit unsigned integer

32-bit floating-point

64-bit floating-point

For all 16-bit or longer fields the value -9999 is used to flag bad or missing data. Special AIRS
types are like structures, with the fields specified in tables as discussed below.

The first table of the interface specification lists "Dimensions" which are the HDF-EOS swath
dimensions. The names "GeoTrack" and "GeoXTrack" have a special meaning for this
document: "GeoTrack" is understood to be the dimension along the path of the spacecraft, and
"GeoXTrack" is the dimension across the spacecraft track, starting on the left looking forward
along the spacecraft track. Some products also contain second across-track dimension
"CalXTrack," equivalent to "GeoXTrack," except that "CalXTrack" refers to the number of
calibration footprints per scanline.



"GeoTrack" is 45 for large-spot (FOR) products (AMSU-A, Level-2, cloud-cleared AIRS) and
135 for small-spot (FOV) products (AIRS, Vis/NIR, HSB).

These files contain no geolocation mappings or indexed mappings.

The second table specifies "geolocation fields." These are all 64-bit floating-point fields that
give the location of the data in space and time. If the note before the table specifies that these
fields appear once per scanline then they have the single dimension "GeoTrack." Otherwise, they
appear once per footprint per scanline and have dimensions "GeoTrack,GeoXTrack."

The third table specifies "Attributes." These are scalar or string fields that appear only once per
granule. They are attributes in the HDF-EOS Swath sense.

The fourth table specifies “Per-Granule Data Fields.” These are fields that are valid for the
entire granule but that are not scalars because they have some additional dimension.

The fifth table specifies "Along-Track Data Fields." These are fields that occur once for every
scanline. These fields have dimension "GeoTrack" before any "Extra Dimensions." So an
"Along-Track Data Field" with "Extra Dimensions" of "None" has dimensions "GeoTrack";
whereas, if the "Extra Dimensions" is "SpaceXTrack (= 4)," then it has dimensions
"GeoTrack,SpaceXTrack."

The sixth table specifies "Full Swath Data Fields." These are fields that occur once

for every footprint of every scanline. These have dimensions "GeoTrack,GeoXTrack" before
any "Extra Dimensions." So a "Full Swath Data Field" with "Extra Dimensions" of "None" has
dimensions "GeoTrack ,GeoXTrack"; whereas, if the "Extra Dimensions" is "Channel (= 2378),"
then it has dimensions "GeoTrack,GeoXTrack,Channel."

The last section of the interface specification may contain a table for "Special AIRS Types."
These special AIRS types are used as "shorthand" for groups of fields, listed in the "Attributes,"
"Along-Track Data Fields" and "Full Swath Data Fields" tables as single fields. If the name of a
special AIRS type appears in the "Type" column of one of these tables in place of a standard
type, then there are really as many fields as there are rows in the corresponding type table, each
with a name made up of the "Name" from the upper table followed by a "." and the "Field Name'
from the lower table.

For example, consider a field in the "Attributes" table named "apid_415_cnt" of type "AIRS
Engineering Packet Counts" (See Appendix A4.). If the table for "AIRS Engineering Packet
Counts" under "Special AIRS Types" lists the three fields "missing_in," "missing_ends" and
"good," then the swath contains the three fields "apid_415_cnt.missing_in,"
"apid_415_cnt.missing_ends," and "apid_415_cnt.good."



A1-1. L1B AIRS Science Interface Specification

A1-1. L1B AIRS Science Interface Specification

Interface Specification Version 5.0.14.0
2007-04-11

ESDT ShortName = "AIRIBRAD"
Swath Name = "L1B_AIRS_Science"
Level = "level1B"

# Footprints = 90

# scanlines per scanset = 3

Dimensions

These fields define all dimensions that can be used for HDF-EOS swath fields.

The names "GeoTrack" and "GeoXTrack" have a special meaning for this document: "Cross-Track" data fields have a hidden
dimension of "GeoXTrack"; "Along-Track" data fields have a hidden dimension of "GeoTrack"; "Full Swath” data fields have hidden
dimensions of both "GeoTrack" and "GeoXTrack".

Name Value Explanation

Dimension across track for footprint positions. Same as number of footprints per scanline. --

GeoXTrack 90 starting at the left and increasing towards the right as you look along the satellite's path
# of scan Dimension along track for footprint positions. Same as number of scanlines in granule. Parallel to
. A the satellite's path, increasing with time. (Nominally 45 for Level-2, AMSU-A, and AIRS/Vis low-
GeoTrack lines in ) N
swath rate engineering;

135 for AIRS/Vis and HSB high-rate quantities)

Dimension "across" track for calibration footprint positions. Same as number of calibration

footprints per scanline. (NUM_FOOTPRINTS_AIRS_CALIB) (Footprints are ordered: 1-4:
CalXTrack 6 spaceviews (ports 3, 4, 1, 2);

5: blackbody radiometric calibration source;

6: spectral/photometric calibration sources)

Dimension "across" track for spaceview calibration footprint positions in order of observation time.

SpaceXTrack 4 (NUM_FOOTPRINTS_AIRS_SPACE)
BBXTrack 1 Dimension "across" track for blackbody calibration footprint positions in order of observation time.
(NUM_FOOTPRINTS_AIRS_BB)
Dimension of channel array (Channels are generally in order of increasing wavenumber, but
because frequencies can vary and because all detectors from a physical array of detector
Channel 2378 " " . :
elements (a "module") are always grouped together there are sometimes small reversals in
frequency order where modules overlap.)
MaxRefChannel 100 Maximum number of radiometric reference channels. "RefChannels" lists the channels used.
MaxFeaturesUpwell |35 Maximum number of spectral features in upwelling radiances used for spectral calibration
MaxFeaturesPary |17 Maximum number of spectral features in parylene radiances used for spectral calibration

Geolocation Fields

These fields appear for every footprint (GeoTrack * GeoXTrack times) and correspond to footprint center coordinates and "shutter"
time.

Name Explanation

Latitude Footprint boresight geodetic Latitude in degrees North (-90.0 ... 90.0)



Longitude
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Footprint boresight geodetic Longitude in degrees East (-180.0 ... 180.0)

Time Footprint "shutter" TAl Time: floating-point elapsed seconds since Jan 1, 1993

Attributes

These fields appear only once per granule and use the HDF-EOS "Attribute" interface.

Name

processing_level

instrument

DayNightFlag

AutomaticQAFlag
NumTotalData

NumProcessData

NumSpecialData

NumBadData
NumMissingData

NumLandSurface

NumOceanSurface

node_type

start_year
start_month
start_day
start_hour

start_minute
start_sec

start_orbit
end_orbit
orbit_path
start_orbit_row
end_orbit_row
granule_number
num_scansets

num_scanlines

start_Latitude

start_Longitude

start_Time

end_Latitude

end_Longitude

Type

string of 8-bit
characters

string of 8-bit
characters

string of 8-bit
characters

string of 8-bit
characters

32-bit integer

32-bit integer

32-bit integer

32-bit integer
32-bit integer
32-bit integer
32-bit integer

string of 8-bit
characters

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer

32-bit floating-
point

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-

Explanation

Zero-terminated character string denoting processing level ("level1B")

Zero-terminated character string denoting instrument ("AIRS")

Zero-terminated character string set to "Night" when the subsatellite points at the
beginning and end of a granule are both experiencing night according to the "civil
twilight" standard (center of refracted sun is below the horizon). It is set to "Day"
when both are experiencing day, and "Both" when one is experiencing day and the
other night. "NA" is used when a determination cannot be made.

Zero-terminated character string denoting granule data quality: (Always "Passed",
"Failed", or "Suspect")

Total number of expected scene footprints

Number of scene footprints which are present and can be processed routinely
(state = 0)

Number of scene footprints which are present and can be processed only as a
special test (state = 1)

Number of scene footprints which are present but cannot be processed (state = 2)
Number of expected scene footprints which are not present (state = 3)

Number of scene footprints for which the surface is more than 90% land

Number of scene footprints for which the surface is less than 10% land

Zero-terminated character string denoting whether granule is ascending,
descending, or pole-crossing: ("Ascending" and "Descending" for entirely
ascending or entirely descending granules, or "NorthPole" or "SouthPole" for pole-
crossing granules. "NA" when determination cannot be made.)

Year in which granule started, UTC (e.g. 1999)

Month in which granule started, UTC (1 ... 12)

Day of month in which granule started, UTC (1 ... 31)
Hour of day in which granule started, UTC (O ... 23)
Minute of hour in which granule started, UTC (O ... 59)

Second of minute in which granule started, UTC (0.0 ... 59.0)

Orbit number of mission in which granule started

Orbit number of mission in which granule ended

Orbit path of start orbit (1 ... 233 as defined by EOS project)
Orbit row at start of granule (1 ... 248 as defined by EOS project)
Orbit row at end of granule (1 ... 248 as defined by EOS project)
Number of granule within day (1 ... 240)

Number of scansets in granule (1 ... 45)

Number of scanlines in granule (3 * num_scansets)

Geodetic Latitude of spacecraft at start of granule (subsatellite location at midpoint
of first scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at start of granule (subsatellite location at
midpoint of first scan) in degrees East (-180.0 ... 180.0)

TAI Time at start of granule (floating-point elapsed seconds since start of 1993)

Geodetic Latitude of spacecraft at end of granule (subsatellite location at midpoint
of last scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at end of granule (subsatellite location at



end_Time
eqg_x_longitude
eq_x_tai
orbitgeoqa
num_satgeoqa
num_glintgeoqa
num_moongeoqa
num_ftptgeoqa
num_zengeoqa
num_demgeoqa
num_fpe
LonGranuleCen

LatGranuleCen

LocTimeGranuleCen

CalGranSummary

DCR_scan

input_bb_temp

input_bb_temp1

input_bb_temp2

input_bb_temp3

input_bb_temp4

input_spec_temp

input_ir_det_temp

input_grating_temp_1
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point
64-bit floating-
point
32-bit floating-
point
64-bit floating-
point

32-bit unsigned
integer

16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer

8-bit unsigned
integer

16-bit integer

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering

midpoint of last scan) in degrees East (-180.0 ... 180.0)

TAI Time at end of granule (floating-point elapsed seconds since start of 1993)
Longitude of spacecraft at southward equator crossing nearest granule start in
degrees East (-180.0 ... 180.0)

Time of eq_x_longitude in TAI units (floating-point elapsed seconds since start of
1993)

See Appendix D

Number of scans with problems in satgeoqga

Number of scans with problems in glintgeoqa

Number of scans with problems in moongeoga

Number of footprints with problems in ftptgeoqga

Number of footprints with problems in zengeoga

Number of footprints with problems in demgeoqa

Number of floating point errors

Geodetic Longitude of the center of the granule in degrees East (-180 ... 180)
Geodetic Latitude of the center of the granule in degrees North (-90 ... 90)

Local solar time at the center of the granule in minutes past midnight (0 ... 1439)

Bit field. Bitwise OR of CalChanSummary, over all channels with ExcludedChans <
3. Zero means all good channels were well calibrated, for all scanlines. Bit 7
(MSB): scene over/underflow;

Bit 6: (value 64) anomaly in offset calculation;

Bit 5: (value 32) anomaly in gain calculation;

Bit 4: (value 16) pop detected;

Bit 3: (value 8) noise out of bounds;

Bit 2: (value 4) anomaly in spectral calibration;

Bit 1: (value 2) Telemetry;

Bit 0: (LSB, value 1) unused (reserved);

Scanline number following (first) DC-Restore. 0 for no DC-Restore

Input statistics on Blackbody temperature

Input statistics on Blackbody temperature 1A (CaBbTempV1A or CaBbTempV1B,
as active)

Input statistics on Blackbody temperature 2 (CaBbTempV2A or CaBbTempV2B, as
active)

Input statistics on Blackbody temperature 3 (CaBbTemp3, active A or B)
Input statistics on Blackbody temperature4 (CaBbTemp4, active A or B)
Input statistics on Spectrometer temperature

Input statistics on IR detector temperature

Input statistics on Grating temperature 1 (SpGratngTemp1, active A or B)
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input_grating_temp_2

input_entr_filt_temp

input_opt_bench_temp_2

input_opt_bench_temp_3

input_scan_mirror_temp

input_chopper_phase_err

PopCount

NumRefChannels

Rdiff_swindow_M1a_chan

Rdiff_swindow_M2a_chan

Rdiff_lwindow_M8_chan

Rdiff_lwindow_M9_chan

CF_Version

NumSaturatedFOVs

NumUnderflowFOVs

NumCalFOVsOutOfBounds

NumSO2FOVs

granules_present

spectral_TAI

spec_shift_upwell

spec_shift_unc_upwell

spec_fl_upwell

spec_fl_unc_upwell

A1-1. L1B AIRS Science Interface Specification

Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)

32-bit integer

32-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

string of 8-bit
characters
16-bit unsigned
integer

16-bit unsigned
integer

16-bit unsigned
integer

16-bit unsigned
integer

string of 8-bit
characters

64-bit floating-
point
32-bit floating-
point
32-bit floating-
point
32-bit floating-
point

32-bit floating-
point

Input statistics on Grating temperature 2 (SpGratngTemp2, active A or B)

Input statistics on the entrance filter temperature (SpEntFiltTmp, active A or B)

Input statistics on optical bench temperature 2 (SpOptBnchTmp2, active A or B)

Input statistics on optical bench temperature 3 (SpOptBnchTmp3, active A or B)

Input statistics on scan mirror housing temperature

Input statistics on chopper phase error voltage (ChPhaseErrVA or ChPhaseErrVB,
as active)

Number of popcorn events within granule, i.e. number of times than an AIRS
channel used in the Level 2 retrieval has suffered a sudden discontinuity in dark
current

The number of channels reported in MaxRefChannel arrays

Array M1a channel used as one reference in calculating Rdiff_swindow. (index into
radiance & frequency arrays 1...2378)

Array M2a channel used as one reference in calculating Rdiff_swindow. (index into
radiance & frequency arrays 1...2378)

Array M8 channel used as one reference in calculating Rdiff_Iwindow. (index into
radiance & frequency arrays 1...2378)

Array M9 channel used as one reference in calculating Rdiff_Iwindow. (index into
radiance & frequency arrays 1...2378)

Cloud Filter Version Identification. Identifies the set of thresholds used in
determination of spectral_clear_indicator.

Number of scene fields-of-view (out of a nominal 1350) in which the downlinked
counts overflowed.

Number of scene fields-of-view (out of a nominal 1350) in which the downlinked
counts underflowed.

Number of calibration fields-of-view (out of a nominal 810) in which the downlinked
counts underflowed or overflowed.

Number of fields-of-view (out of a nominal 1350) with a signifcant SO2
concentration based on the value of BT_diff _SO2.

Zero-terminated character string denoting which adjacent granules were available
for smoothing ("All" for both previous & next, "Prev" for previous but not next,
"Next" for next but not previous, "None" for neither previous nor next)

TAl time of (first) Spectral calibration. (floating-point elapsed seconds since start of
1993) 0 for no Spectral calibration occurred in this granule.

Focal plane shift calculated in grating model fit to upwelling radiances (microns)

Uncertainty of the focal plane shift calculated in the grating model fit to upwelling
radiances (microns)

Focal length calculated in grating model fit to upwelling radiances (microns)

Uncertainty of focal length calculated in grating model fit to upwelling radiances
(microns)
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SpectralFeaturesUpwell

spec_iter_upwell
spec_clim_select

spec_shift_pary

spec_shift_unc_pary

spec_fl_pary

spec_fl_unc_pary
SpectralFeaturesPary
spec_iter_pary

DCRCount
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32-bit integer
16-bit integer

16-bit integer
32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit integer

16-bit integer

32-bit integer

The actual number of upwelling features for MaxFeaturesUpwell-sized arrays

Number of amoeba iterations to fit the grating model to upwelling radiance feature

positions

Number of the climatology to which the upwelling features were fitted

Focal plane shift calculated in grating model fit to parylene radiances (microns)

Uncertainty of the focal plane shift calculated in grating model fit to parylene

radiances (microns)

Focal length calculated in grating model fit to parylene radiances (microns)

Uncertainty of focal length calculated in grating model fit to parylene radiances

(microns)

The actual number of parylene features for MaxFeaturesPary-sized arrays

Number of amoeba iterations in fit the grating model to parylene radiance feature

positions

Number of times a Direct Current Restore was executed for any module

Per-Granule Data Fields

These fields appear only once per granule and use the HDF-EOS "Field" interface.

Name

CalChanSummary

ExcludedChans

NeN

input_scene_counts

input_space_counts

input_space_signals

input_space_diffs

Type

8-bit unsigned
integer

8-bit unsigned
integer

32-bit floating-
point

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

Extra Dimensions

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

SpaceXTrack (= 4) *
Channel (= 2378)

SpaceXTrack (= 4) *
Channel (= 2378)

SpaceXTrack (= 4) *
Channel (= 2378)
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Explanation

Bit field. Bitwise OR of CalFlag, by channel, over all
scanlines. Noise threshold and spectral quality added.
Zero means the channel was well calibrated for all
scanlines Bit 7 (MSB): scene over/underflow;

Bit 6: (value 64) anomaly in offset calculation;

Bit 5: (value 32) anomaly in gain calculation;

Bit 4: (value 16) pop detected;

Bit 3: (value 8) noise out of bounds;

Bit 2: (value 4) anomaly in spectral calibration;

Bit 1: (value 2) Telemetry;

Bit 0: (LSB, value 1) unused (reserved);

An integer 0-6, indicating A/B detector weights. Used in
L1B processing. 0 - A weight = B weight. Probably better
that channels with state > 2;

1 - A-side only. Probably better that channels with state >
2
2 - B-side only. Probably better that channels with state >
2
3 - A weight = B weight. Probably better than channels
with state = 6;

4 - A-side only. Probably better than channels with state =
6;
5 - B-side only. Probably better than channels with state =
6;
6 - A weight = B weight.

Noise-equivalent Radiance (radiance units) for an
assumed 250K scene

Input statistics on scene data numbers

Input statistics on spaceview data numbers

Input statistics on spaceview signals (data numbers with
offset subtracted)

Statistics on differences between corresponding space
views, for consecutive scanlines



input_bb_counts

input_bb_signals

input_spec_counts

offset_stats

gain_stats

rad_stats

Gain

RefChannels

rad_scan_stats

nominal_freq

spectral_freq

spectral_freq_unc

spec_feature_shifts_upwell

spec_feature_corr_upwell

spec_feature_sharp_upwell

spec_feature_resid_upwell

spec_feature_contrast_stats

spec_feature_shifts_pary

spec_feature_corr_pary

spec_feature_sharp_pary

spec_feature_resid_pary
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Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

32-bit floating-
point

32-bit integer

Unlimited
Engineering
Struct (see
below)

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

Limited
Engineering
Struct (see
below)

32-bit floating-
point
32-bit floating-
point
32-bit floating-
point

32-bit floating-
point

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

MaxRefChannel (=
100)

GeoXTrack (= 90) *
MaxRefChannel (=
100)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesPary (=

17)

MaxFeaturesPary (=

17)

MaxFeaturesPary (=

17)

MaxFeaturesPary (=

17)
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Input statistics on blackbody calibration data numbers

Input statistics on blackbody calibration signals (data
numbers with offset subtracted)

Input statistics on spectral calibration data numbers

Statistics on offsets as of first spaceview of each scan

Statistics on gains (radiance units / count)

Statistics on radiances (radiance units)

Number of radiance units per count

The 1-based indexes of channels reported in
MaxRefChannel arrays. Entries beyon NumRefChannels
are set to -1.

Statistics on scan angle dependence of radiances

Nominal frequencies (cm**-1) of each channel

Dynamic estimate of frequency associated with each
channel (cm**-1). Note: This is a noisy estimate because
there is very limited data in a single 6-minute granule.
Designed for use only in aggregation to monitor
instrument status. Use nominal_freq instead when
analyzing data.

a signed estimate of the spectral frequency uncertainty
(positive means estimated frequencies are likely too high)

Spectral shift seen for each upwelling feature, in microns
at the focal plane

Maximum correlation seen for each upwelling feature (0.0
... 1.0)

Quadratic coefficient in fit to correlation for each upwelling
feature

Fit residual for each upwelling feature (wavenumbers)

Statistics on the spectral contrasts for each of the
upwelling features, for each of the scene footprints
considered for spectral calibration

Spectral shift seen for each parylene feature, in microns
at the focal plane

Maximum correlation seen for each parylene feature (0.0
... 1.0)

Quadratic coefficient in fit to correlation for each parylene
feature

Fit residual for each parylene feature (wavenumbers)



ave_pary_spectrum

Name

satheight

satroll

satpitch

satyaw

satgeoqa

glintgeoqa

moongeoga

nadirTAI

sat_lat

sat_lon

scan_node_type

glintlat

glintlon

CalScanSummary

CalFlag
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32-bit floating-
point

Type

32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point
32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer
64-bit
floating-
point
64-bit
floating-
point
64-bit
floating-
point

8-bit integer

32-bit
floating-
point
32-bit
floating-
point

8-bit
unsigned
integer

8-bit
unsigned
integer

Channel (= 2378)

The average parylene spectrum (over good scanlines), in
milliWatts/m**2/cm**-1/steradian

Along-Track Data Fields

These fields appear once per scanline (GeoTrack times).

Extra

Dimensions

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Channel (=
2378)

Explanation

Satellite altitude at nadirTAl in km above reference ellipsoid (e.g. 725.2)

Satellite attitude roll angle at nadirTAI (-180.0 ... 180.0 angle about the +x (roll)
ORB axis, +x axis is positively oriented in the direction of orbital flight
completing an orthogonal triad with y and z.)

Satellite attitude pitch angle at nadirTAI (-180.0 ... 180.0 angle about +y (pitch)
ORB axis. +y axis is oriented normal to the orbit plane with the positive sense
opposite to that of the orbit's angular momentum vector H.)

Satellite attitude yaw angle at nadirTAl (-180.0 ... 180.0 angle about +z (yaw)
axis. +z axis is positively oriented Earthward parallel to the satellite radius
vector R from the spacecraft center of mass to the center of the Earth.)

See Appendix D
See Appendix D
See Appendix D

TAI time at which instrument is nominally looking directly down. (between
footprints 15 & 16 for AMSU or between footprints 45 & 46 for AIRS/Vis & HSB)
(floating-point elapsed seconds since start of 1993)

Satellite geodetic latitude in degrees North (-90.0 ... 90.0)

Satellite geodetic longitude in degrees East (-180.0 ... 180.0)

'A' for ascending, 'D' for descending, 'E' when an error is encountered in trying
to determine a value.

Solar glint geodetic latitude in degrees North at nadirTAI (-90.0 ... 90.0)

Solar glint geodetic longitude in degrees East at nadirTAI (-180.0 ... 180.0)

Bit field. Bitwise OR of CalFlag over the all channels with ExcludedChans < 3.
Zero means all "good" channels were well calibrated for this scanline Bit 7
(MSB): scene over/underflow;

Bit 6: (value 64) anomaly in offset calculation;

Bit 5: (value 32) anomaly in gain calculation;

Bit 4: (value 16) pop detected;

Bit 3: (value 8) DCR Occurred;

Bit 2: (value 4) Moon in View;

Bit 1: (value 2) telemetry out of limit condition;

Bit 0: (LSB, value 1) cold scene noise

Bit field, by channel, for the current scanline. Zero means the channel was well
calibrated, for this scanline. Bit 7 (MSB): scene over/underflow;

Bit 6: (value 64) anomaly in offset calculation;

Bit 5: (value 32) anomaly in gain calculation;

Bit 4: (value 16) pop detected;

Bit 3: (value 8) DCR Occurred;

Bit 2: (value 4) Moon in View;

Bit 1: (value 2) telemetry out of limit condition;
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SpaceViewDelta

spaceview_selection

OpMode

EDCBOARD

32-bit
floating-
point

8-bit
unsigned
integer

16-bit
unsigned
integer

16-bit
unsigned
integer
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Channel (=
2378)

None

None

None

Fu

Bit 0: (LSB, value 1) cold scene noise

The median of the four spaceviews immediately following the Earth views in the
scanline, minus the median of the spaceviews immediately preceding the Earth
views in the scanline (also the magnitude of a "pop" in this scanline, when the
"pop detected" bit is set in CalFlag.) (data numbers)

Indicates which footprints were included for this scan. Each bit is high when the
corresponding space view is used in the spaceview offset calculation. (See L1B
Processing Requirements, section 6.2);

LSB is first space view.

Instrument Operations Mode. See AIRS Command Handbook, section 6.4 for a
definition of each bit. Bits 0 (LSB)-2 cal phase;

bits 3-6 Cal Func;

Bit 7 quicklook (expedited) flag;

bits 8-11 submode Bits 12-14 Mode (0=standby, 1=ready, 2=operate,
3=checkout, 4=decontaminate, 5=off, 6=survival);

bit 16 transition flag

EDC A/B Powered on Indicator:;
0: Both sides off;

1: Side A;

2: Side B;

3: Invalid;

65534: No value downlinked

Il Swath Data Fields

These fields appear for every footprint of every scanline in the granule (GeoTrack * GeoXTrack times).

Name

radiances

Scanang

ftptgeoqa

zengeoqga

demgeoqa

satzen

satazi

solzen

solazi

sun_glint_distance

topog

Tvpe Extra
yp Dimensions

ﬁg:iilr:g- Channel (=
: 2378)

point

32-bit

floating- None

point

32-bit

unsigned None

integer

16-bit

unsigned None

integer

16-bit

unsigned None

integer

32-bit

floating- None

point

32-bit

floating- None

point

32-bit

floating- None

point

32-bit

floating- None

point

16-bit None

integer

32-bit None

Explanation
Radiances for each channel in milliWatts/m**2/cm**-1/steradian

Scanning angle of AIRS instrument with respect to the AIRS Instrument for
this footprint (-180.0 ... 180.0, negative at start of scan, 0 at nadir)

See Appendix D

See Appendix D

See Appendix D

Spacecraft zenith angle (0.0 ... 180.0) degrees from zenith (measured
relative to the geodetic vertical on the reference (WGS84) spheroid and
including corrections outlined in EOS SDP toolkit for normal accuracy.)

Spacecraft azimuth angle (-180.0 ... 180.0) degrees E of N GEO)

Solar zenith angle (0.0 ... 180.0) degrees from zenith (measured relative to
the geodetic vertical on the reference (WGS84) spheroid and including
corrections outlined in EOS SDP toolkit for normal accuracy.)

Solar azimuth angle (-180.0 ... 180.0) degrees E of N GEO)
Distance (km) from footprint center to location of the sun glint (-9999 for

unknown, 30000 for no glint visible because spacecraft is in Earth's shadow)

Mean topography in meters above reference ellipsoid

15



A1-1. L1B AIRS Science Interface Specification

floating-
point
32-bit
topog_err floating- None Error estimate for topog
point
32-bit
landFrac floating- None Fraction of spot that is land (0.0 ... 1.0)
point
32-bit
landFrac_err floating- None Error estimate for landFrac
point
32-bit . 0- . : . ‘Missi
state X None Data state: 0:Process, 1:Special, 2:Erroneous, 3:Missing
integer
. Radiance difference in the 2560 cm**-1 window region used to warn of
32-bit : . X L
. . ; possible errors caused by scene non-uniformity and misalignment of the
Rdiff_swindow floating- None R ) )
oint beams: radiance(Rdiff_swindow_M1a_chan) -
P radiance(Rdiff_swindow_M2a_chan). (radiance units)
. Radiance difference in the longwave window(850 cm**-1) used to warn of
32-bit : . . e
. . ; possible errors caused by scene non-uniformity and misalignment of the
Rdiff_Iwindow floating- None R ) .
oint beams: radiance(Rdiff_Iwindow_M8_chan) -
P radiance(Rdiff_lwindow_M9_chan). (radiance units)
Threshold test for scene inhomogeneity, using band-overlap detectors (bit
fields).;
Bit 7 (MSB, value 128): scene is inhomogeneous, as determined by the
8-bit Rdiff_swindow threshold. For v5.0 the test is abs(Rdiff_swindow) > 5 *
Scenelnhomogeneous |unsigned  |None sqrt(NeN(Rdiff_swindow_M1a_chan)*2 + NeN(Rdiff_swindow_M2a_chan));
integer Bit 6 (value 64): scene is inhomogeneous, as determined by the

Rdiff_Iwindow threshold. For v5.0 the test is abs(Rdiff_Iwindow) > 5 *
sqrt(NeN(Rdiff_lwindow_M8_chan)*2 + NeN(Rdiff_Ilwindow_M9_chan));
Bits 5-0: unused (reserved)

Flag telling whether dust was detected in this scene;

1: Dust detected;
0: Dust not detected;

dust_flag :n?;;bltter None -1: Dust test not valid because of land;
9 -2: Dust test not valid because of high latitude;
-3: Dust test not valid because of suspected cloud;
-4: Dust test not valid because of bad input data
16-bit Dust score. Each bit results from a different test comparing radiances. Higher

dust_score integer None scores indicate more certainty of dust present. Dust probable when score is
9 over 380. Not valid when dust_flag is negative.

Flag telling whether scene was flagged as clear by a spectral filter. Only
ocean filter is validated;
2: Ocean test applied and scene identified as clear;

spectral_clear_indicator 16-bit None 1: Ocean test applied and scene not identified as clear;

- - integer 0: Calculation could not be completed. Possibly some inputs were missing or

FOV is on coast or on the edge of a scan or granule;
-1: Unvalidated land test applied and scene not identified as clear;
-2: Unvalidated land test applied and scene identified as clear

32-bit Brightness temperature difference Tb(1361.44 cm-1) - Tb(1433.06 cm-1)
BT_diff_ SO2 floating- None used as an indicator of SO2 release from volcanoes. Values under -6 K have
point likely volcanic SO2. (Kelvins)

Special AIRS Types

AIRS works around the lack of support for records in HDF-EOS Swath by grouping related fields into pseudo-records. HDF-EOS
fieldnames are generated by concatenating the pseudo-record name with the subfield name, putting a "." character in between.
Since these record types do not exist at the HDF-EOS swath level, reading subfield "min" of AIRS field "input_scene_counts"

involves reading HDF-EOS Swath field "input_scene_counts.min".

Limited Engineering Struct: This type is used for engineering data fields for which there are known "yellow" limits.

Field Name Type Explanation

32-bit floating-

min point Minimum value field takes on in granule (not valid when num_in = 0)
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max

mean

dev

num_in
num_lo
num_hi

num_bad

range_min

range_max

missing
max_track
max_xtrack
min_track

min_xtrack

A1-1. L1B AIRS Science Interface Specification

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit integer
32-bit integer
32-bit integer
32-bit integer

32-bit floating-
point

32-bit floating-
point

8-bit integer

32-bit integer
32-bit integer
32-bit integer

32-bit integer

Maximum value field takes on in granule (not valid when num_in = 0)
Mean of values field takes on in granule (not valid when num_in = 0)

Standard Deviation of values field takes on in granule (not valid when num_in < 2)

Count of in-range values field takes on in granule
Count of out-of-range low values field takes on in granule
Count of out-of-range high values field takes on in granule

Count of occassions on which field takes on invalid flag value (-9999) in granule

Minimum in-range value.

Maximum in-range value.

Missing limits flags. Bit 0 (LSB) is 1 when yellow low (range_min) limit is missing;
Bit 1 is high when yellow high (range_max) limit is missing;
other bits unused, set to 0.

GeoTrack index (counting from 1) where max was found

GeoXTrack index (counting from 1) where max was found
GeoTrack index (counting from 1) where min was found

GeoXTrack index (counting from 1) where min was found

Unlimited Engineering Struct: This type is used for engineering data fields for which there are NOT known "yellow" limits.

Field Name

min

max

mean

dev

num
num_bad
max_track
max_xtrack
min_track

min_xtrack

Type

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer

Explanation

Minimum value field takes on in granule (not valid when num = 0)
Maximum value field takes on in granule (not valid when num = 0)
Mean of values field takes on in granule (not valid when num = 0)

Standard Deviation of values field takes on in granule (not valid when num < 2)

Count of occurrences of field in granule (not including those counted in num_bad)
Count of occassions on which field takes on invalid flag value (-9999) in granule
GeoTrack index (counting from 1) where max was found

GeoXTrack index (counting from 1) where max was found

GeoTrack index (counting from 1) where min was found

GeoXTrack index (counting from 1) where min was found
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A1-2. L1B AIRS QA Interface Specification

Interface Specification Version 5.0.14.0
2007-04-11

ESDT ShortName = "AIRIBQAP"
Swath Name ="L1B_AIRS_ QA"
Level = "level1B"
# Footprints = 90

# scanlines per scanset = 3

Dimensions

These fields define all dimensions that can be used for HDF-EOS swath fields.

The names "GeoTrack" and "GeoXTrack" have a special meaning for this document: "Cross-Track" data fields have a hidden
dimension of "GeoXTrack"; "Along-Track" data fields have a hidden dimension of "GeoTrack"; "Full Swath” data fields have hidden
dimensions of both "GeoTrack" and "GeoXTrack".

Name Value Explanation

Dimension across track for footprint positions. Same as number of footprints per scanline. --

GeoXTrack 90 starting at the left and increasing towards the right as you look along the satellite's path
# of scan Dimension along track for footprint positions. Same as number of scanlines in granule. Parallel to
. A the satellite's path, increasing with time. (Nominally 45 for Level-2, AMSU-A, and AIRS/Vis low-
GeoTrack lines in ) N
swath rate engineering;

135 for AIRS/Vis and HSB high-rate quantities)

Dimension "across" track for calibration footprint positions. Same as number of calibration

footprints per scanline. (NUM_FOOTPRINTS_AIRS_CALIB) (Footprints are ordered: 1-4:
CalXTrack 6 spaceviews (ports 3, 4, 1, 2);

5: blackbody radiometric calibration source;

6: spectral/photometric calibration sources)

Dimension "across" track for spaceview calibration footprint positions in order of observation time.

SpaceXTrack 4 (NUM_FOOTPRINTS_AIRS_SPACE)
BBXTrack 1 Dimension "across" track for blackbody calibration footprint positions in order of observation time.
(NUM_FOOTPRINTS_AIRS_BB)
Dimension of channel array (Channels are generally in order of increasing wavenumber, but
because frequencies can vary and because all detectors from a physical array of detector
Channel 2378 " " . )
elements (a "module") are always grouped together there are sometimes small reversals in
frequency order where modules overlap.)
MaxRefChannel 100 Maximum number of radiometric reference channels. "RefChannels" lists the channels used.
MaxFeaturesUpwell |35 Maximum number of spectral features in upwelling radiances used for spectral calibration
MaxFeaturesPary |17 Maximum number of spectral features in parylene radiances used for spectral calibration

Geolocation Fields

These fields appear for every footprint (GeoTrack * GeoXTrack times) and correspond to footprint center coordinates and "shutter"
time.

Name Explanation

Latitude Footprint boresight geodetic Latitude in degrees North (-90.0 ... 90.0)
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Longitude

A1-2. L1B AIRS QA Interface Specification

Footprint boresight geodetic Longitude in degrees East (-180.0 ... 180.0)

Time Footprint "shutter" TAl Time: floating-point elapsed seconds since Jan 1, 1993

Attributes

These fields appear only once per granule and use the HDF-EOS "Attribute" interface.

Name

processing_level

instrument

DayNightFlag

AutomaticQAFlag
NumTotalData

NumProcessData

NumSpecialData

NumBadData
NumMissingData

NumLandSurface

NumOceanSurface

node_type

start_year
start_month
start_day
start_hour

start_minute
start_sec

start_orbit
end_orbit
orbit_path
start_orbit_row
end_orbit_row
granule_number
num_scansets

num_scanlines

start_Latitude

start_Longitude

start_Time

end_Latitude

end_Longitude

Type

string of 8-bit
characters

string of 8-bit
characters

string of 8-bit
characters

string of 8-bit
characters

32-bit integer

32-bit integer

32-bit integer

32-bit integer
32-bit integer
32-bit integer
32-bit integer

string of 8-bit
characters

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer

32-bit floating-
point

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-

Explanation

Zero-terminated character string denoting processing level ("level1B")

Zero-terminated character string denoting instrument ("AIRS")

Zero-terminated character string set to "Night" when the subsatellite points at the
beginning and end of a granule are both experiencing night according to the "civil
twilight" standard (center of refracted sun is below the horizon). It is set to "Day"
when both are experiencing day, and "Both" when one is experiencing day and the
other night. "NA" is used when a determination cannot be made.

Zero-terminated character string denoting granule data quality: (Always "Passed",
"Failed", or "Suspect")

Total number of expected scene footprints

Number of scene footprints which are present and can be processed routinely
(state = 0)

Number of scene footprints which are present and can be processed only as a
special test (state = 1)

Number of scene footprints which are present but cannot be processed (state = 2)
Number of expected scene footprints which are not present (state = 3)

Number of scene footprints for which the surface is more than 90% land

Number of scene footprints for which the surface is less than 10% land

Zero-terminated character string denoting whether granule is ascending,
descending, or pole-crossing: ("Ascending" and "Descending" for entirely
ascending or entirely descending granules, or "NorthPole" or "SouthPole" for pole-
crossing granules. "NA" when determination cannot be made.)

Year in which granule started, UTC (e.g. 1999)

Month in which granule started, UTC (1 ... 12)

Day of month in which granule started, UTC (1 ... 31)
Hour of day in which granule started, UTC (O ... 23)
Minute of hour in which granule started, UTC (O ... 59)

Second of minute in which granule started, UTC (0.0 ... 59.0)

Orbit number of mission in which granule started

Orbit number of mission in which granule ended

Orbit path of start orbit (1 ... 233 as defined by EOS project)
Orbit row at start of granule (1 ... 248 as defined by EOS project)
Orbit row at end of granule (1 ... 248 as defined by EOS project)
Number of granule within day (1 ... 240)

Number of scansets in granule (1 ... 45)

Number of scanlines in granule (3 * num_scansets)

Geodetic Latitude of spacecraft at start of granule (subsatellite location at midpoint
of first scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at start of granule (subsatellite location at
midpoint of first scan) in degrees East (-180.0 ... 180.0)

TAI Time at start of granule (floating-point elapsed seconds since start of 1993)

Geodetic Latitude of spacecraft at end of granule (subsatellite location at midpoint
of last scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at end of granule (subsatellite location at
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end_Time
eqg_x_longitude
eq_x_tai
orbitgeoqa
num_satgeoqa
num_glintgeoqa
num_moongeoqa
num_ftptgeoqa
num_zengeoqa
num_demgeoqa
num_fpe
LonGranuleCen

LatGranuleCen

LocTimeGranuleCen

CalGranSummary

DCR_scan

input_bb_temp

input_bb_temp1

input_bb_temp2

input_bb_temp3

input_bb_temp4

input_spec_temp

input_ir_det_temp

input_grating_temp_1
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point
64-bit floating-
point
32-bit floating-
point
64-bit floating-
point

32-bit unsigned
integer

16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer

8-bit unsigned
integer

16-bit integer

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering

midpoint of last scan) in degrees East (-180.0 ... 180.0)

TAIl Time at end of granule (floating-point elapsed seconds since start of 1993)
Longitude of spacecraft at southward equator crossing nearest granule start in
degrees East (-180.0 ... 180.0)

Time of eq_x_longitude in TAI units (floating-point elapsed seconds since start of
1993)

See Appendix D

Number of scans with problems in satgeoqga

Number of scans with problems in glintgeoqa

Number of scans with problems in moongeoga

Number of footprints with problems in ftptgeoqga

Number of footprints with problems in zengeoga

Number of footprints with problems in demgeoqa

Number of floating point errors

Geodetic Longitude of the center of the granule in degrees East (-180 ... 180)
Geodetic Latitude of the center of the granule in degrees North (-90 ... 90)

Local solar time at the center of the granule in minutes past midnight (O ... 1439)

Bit field. Bitwise OR of CalChanSummary, over all channels with ExcludedChans <
3. Zero means all good channels were well calibrated, for all scanlines. Bit 7
(MSB): scene over/underflow;

Bit 6: (value 64) anomaly in offset calculation;

Bit 5: (value 32) anomaly in gain calculation;

Bit 4: (value 16) pop detected;

Bit 3: (value 8) noise out of bounds;

Bit 2: (value 4) anomaly in spectral calibration;

Bit 1: (value 2) Telemetry;

Bit 0: (LSB, value 1) unused (reserved);

Scanline number following (first) DC-Restore. 0 for no DC-Restore

Input statistics on Blackbody temperature

Input statistics on Blackbody temperature 1A (CaBbTempV1A or CaBbTempV1B,
as active)

Input statistics on Blackbody temperature 2 (CaBbTempV2A or CaBbTempV2B, as
active)

Input statistics on Blackbody temperature 3 (CaBbTemp3, active A or B)
Input statistics on Blackbody temperature4 (CaBbTemp4, active A or B)
Input statistics on Spectrometer temperature

Input statistics on IR detector temperature

Input statistics on Grating temperature 1 (SpGratngTemp1, active A or B)
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input_grating_temp_2

input_entr_filt_temp

input_opt_bench_temp_2

input_opt_bench_temp_3

input_scan_mirror_temp

input_chopper_phase_err

PopCount

NumRefChannels

Rdiff_swindow_M1a_chan

Rdiff_swindow_M2a_chan

Rdiff_lwindow_M8_chan

Rdiff_lwindow_M9_chan

CF_Version

NumSaturatedFOVs

NumUnderflowFOVs

NumCalFOVsOutOfBounds

NumSO2FOVs

granules_present

spectral_TAI

spec_shift_upwell

spec_shift_unc_upwell

spec_fl_upwell

spec_fl_unc_upwell
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Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)

32-bit integer

32-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

string of 8-bit
characters
16-bit unsigned
integer

16-bit unsigned
integer

16-bit unsigned
integer

16-bit unsigned
integer

string of 8-bit
characters

64-bit floating-
point
32-bit floating-
point
32-bit floating-
point
32-bit floating-
point

32-bit floating-
point

Input statistics on Grating temperature 2 (SpGratngTemp2, active A or B)

Input statistics on the entrance filter temperature (SpEntFiltTmp, active A or B)

Input statistics on optical bench temperature 2 (SpOptBnchTmp2, active A or B)

Input statistics on optical bench temperature 3 (SpOptBnchTmp3, active A or B)

Input statistics on scan mirror housing temperature

Input statistics on chopper phase error voltage (ChPhaseErrVA or ChPhaseErrVB,
as active)

Number of popcorn events within granule, i.e. number of times than an AIRS
channel used in the Level 2 retrieval has suffered a sudden discontinuity in dark
current

The number of channels reported in MaxRefChannel arrays

Array M1a channel used as one reference in calculating Rdiff_swindow. (index into
radiance & frequency arrays 1...2378)

Array M2a channel used as one reference in calculating Rdiff_swindow. (index into
radiance & frequency arrays 1...2378)

Array M8 channel used as one reference in calculating Rdiff_Iwindow. (index into
radiance & frequency arrays 1...2378)

Array M9 channel used as one reference in calculating Rdiff_Iwindow. (index into
radiance & frequency arrays 1...2378)

Cloud Filter Version Identification. Identifies the set of thresholds used in
determination of spectral_clear_indicator.

Number of scene fields-of-view (out of a nominal 1350) in which the downlinked
counts overflowed.

Number of scene fields-of-view (out of a nominal 1350) in which the downlinked
counts underflowed.

Number of calibration fields-of-view (out of a nominal 810) in which the downlinked
counts underflowed or overflowed.

Number of fields-of-view (out of a nominal 1350) with a signifcant SO2
concentration based on the value of BT_diff SO2.

Zero-terminated character string denoting which adjacent granules were available
for smoothing ("All" for both previous & next, "Prev" for previous but not next,
"Next" for next but not previous, "None" for neither previous nor next)

TAl time of (first) Spectral calibration. (floating-point elapsed seconds since start of
1993) 0 for no Spectral calibration occurred in this granule.

Focal plane shift calculated in grating model fit to upwelling radiances (microns)

Uncertainty of the focal plane shift calculated in the grating model fit to upwelling
radiances (microns)

Focal length calculated in grating model fit to upwelling radiances (microns)

Uncertainty of focal length calculated in grating model fit to upwelling radiances
(microns)
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SpectralFeaturesUpwell

spec_iter_upwell
spec_clim_select

spec_shift_pary

spec_shift_unc_pary

spec_fl_pary

spec_fl_unc_pary
SpectralFeaturesPary
spec_iter_pary

DCRCount
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32-bit integer
16-bit integer

16-bit integer
32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit integer

16-bit integer

32-bit integer

The actual number of upwelling features for MaxFeaturesUpwell-sized arrays

Number of amoeba iterations to fit the grating model to upwelling radiance feature

positions

Number of the climatology to which the upwelling features were fitted

Focal plane shift calculated in grating model fit to parylene radiances (microns)

Uncertainty of the focal plane shift calculated in grating model fit to parylene

radiances (microns)

Focal length calculated in grating model fit to parylene radiances (microns)

Uncertainty of focal length calculated in grating model fit to parylene radiances

(microns)

The actual number of parylene features for MaxFeaturesPary-sized arrays

Number of amoeba iterations in fit the grating model to parylene radiance feature

positions

Number of times a Direct Current Restore was executed for any module

Per-Granule Data Fields

These fields appear only once per granule and use the HDF-EOS "Field" interface.

Name

CalChanSummary

ExcludedChans

NeN

input_scene_counts

input_space_counts

input_space_signals

input_space_diffs

Type

8-bit unsigned
integer

8-bit unsigned
integer

32-bit floating-
point

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

Extra Dimensions

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

SpaceXTrack (= 4) *
Channel (= 2378)

SpaceXTrack (= 4) *
Channel (= 2378)

SpaceXTrack (= 4) *
Channel (= 2378)
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Explanation

Bit field. Bitwise OR of CalFlag, by channel, over all
scanlines. Noise threshold and spectral quality added.
Zero means the channel was well calibrated for all
scanlines Bit 7 (MSB): scene over/underflow;

Bit 6: (value 64) anomaly in offset calculation;

Bit 5: (value 32) anomaly in gain calculation;

Bit 4: (value 16) pop detected;

Bit 3: (value 8) noise out of bounds;

Bit 2: (value 4) anomaly in spectral calibration;

Bit 1: (value 2) Telemetry;

Bit 0: (LSB, value 1) unused (reserved);

An integer 0-6, indicating A/B detector weights. Used in
L1B processing. 0 - A weight = B weight. Probably better
that channels with state > 2;

1 - A-side only. Probably better that channels with state >
2
2 - B-side only. Probably better that channels with state >
2
3 - A weight = B weight. Probably better than channels
with state = 6;

4 - A-side only. Probably better than channels with state =
6;
5 - B-side only. Probably better than channels with state =
6;
6 - A weight = B weight.

Noise-equivalent Radiance (radiance units) for an
assumed 250K scene

Input statistics on scene data numbers

Input statistics on spaceview data numbers

Input statistics on spaceview signals (data numbers with
offset subtracted)

Statistics on differences between corresponding space
views, for consecutive scanlines



input_bb_counts

input_bb_signals

input_spec_counts

offset_stats

gain_stats

rad_stats

Gain

RefChannels

rad_scan_stats

nominal_freq

spectral_freq

spectral_freq_unc

spec_feature_shifts_upwell

spec_feature_corr_upwell

spec_feature_sharp_upwell

spec_feature_resid_upwell

spec_feature_contrast_stats

spec_feature_shifts_pary

spec_feature_corr_pary

spec_feature_sharp_pary

spec_feature_resid_pary
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Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)
Limited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

Unlimited
Engineering
Struct (see
below)

32-bit floating-
point

32-bit integer

Unlimited
Engineering
Struct (see
below)

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

32-bit floating-
point

Limited
Engineering
Struct (see
below)

32-bit floating-
point
32-bit floating-
point
32-bit floating-
point

32-bit floating-
point

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

MaxRefChannel (=
100)

GeoXTrack (= 90) *
MaxRefChannel (=
100)

Channel (= 2378)

Channel (= 2378)

Channel (= 2378)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesUpwell (=

35)

MaxFeaturesPary (=

17)

MaxFeaturesPary (=

17)

MaxFeaturesPary (=

17)

MaxFeaturesPary (=

17)
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Input statistics on blackbody calibration data numbers

Input statistics on blackbody calibration signals (data
numbers with offset subtracted)

Input statistics on spectral calibration data numbers

Statistics on offsets as of first spaceview of each scan

Statistics on gains (radiance units / count)

Statistics on radiances (radiance units)

Number of radiance units per count

The 1-based indexes of channels reported in
MaxRefChannel arrays. Entries beyon NumRefChannels
are set to -1.

Statistics on scan angle dependence of radiances

Nominal frequencies (cm**-1) of each channel

Dynamic estimate of frequency associated with each
channel (cm**-1). Note: This is a noisy estimate because
there is very limited data in a single 6-minute granule.
Designed for use only in aggregation to monitor
instrument status. Use nominal_freq instead when
analyzing data.

a signed estimate of the spectral frequency uncertainty
(positive means estimated frequencies are likely too high)

Spectral shift seen for each upwelling feature, in microns
at the focal plane

Maximum correlation seen for each upwelling feature (0.0
... 1.0)

Quadratic coefficient in fit to correlation for each upwelling
feature

Fit residual for each upwelling feature (wavenumbers)

Statistics on the spectral contrasts for each of the
upwelling features, for each of the scene footprints
considered for spectral calibration

Spectral shift seen for each parylene feature, in microns
at the focal plane

Maximum correlation seen for each parylene feature (0.0
... 1.0)

Quadratic coefficient in fit to correlation for each parylene
feature

Fit residual for each parylene feature (wavenumbers)
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32-bit floating-
point

The average parylene spectrum (over good scanlines), in

ave_pary_spectrum milliwatts/m**2/cm**-1/steradian

Channel (= 2378)

Along-Track Data Fields

These fields appear once per scanline (GeoTrack times).

Extra .
Name Type Dimensions Explanation
32-bit
satheight floating- None Satellite altitude at nadirTAl in km above reference ellipsoid (e.g. 725.2)
point
32-bit Satellite attitude roll angle at nadirTAI (-180.0 ... 180.0 angle about the +x (roll)
satroll floating- None ORB axis, +x axis is positively oriented in the direction of orbital flight
point completing an orthogonal triad with y and z.)
32-bit Satellite attitude pitch angle at nadirTAI (-180.0 ... 180.0 angle about +y (pitch)
satpitch floating- None ORB axis. +y axis is oriented normal to the orbit plane with the positive sense
point opposite to that of the orbit's angular momentum vector H.)
32-bit Satellite attitude yaw angle at nadirTAl (-180.0 ... 180.0 angle about +z (yaw)
satyaw floating- None axis. +z axis is positively oriented Earthward parallel to the satellite radius
point vector R from the spacecraft center of mass to the center of the Earth.)
32-bit See Appendix D
satgeoqa unsigned None
integer
16-bit See Appendix D
glintgeoqa unsigned None
integer
16-bit See Appendix D
moongeoqa unsigned None
integer
64-bit TAI time at which instrument is nominally looking directly down. (between
nadirTAI floating- None footprints 15 & 16 for AMSU or between footprints 45 & 46 for AIRS/Vis & HSB)
point (floating-point elapsed seconds since start of 1993)
64-bit
sat_lat floating- None Satellite geodetic latitude in degrees North (-90.0 ... 90.0)
point
64-bit
sat_lon floating- None Satellite geodetic longitude in degrees East (-180.0 ... 180.0)
point
scan_node_type 8-bit integer None A' for asc_endmg, D' for descending, 'E' when an error is encountered in trying
to determine a value.
32-bit
glintlat floating- None Solar glint geodetic latitude in degrees North at nadirTAI (-90.0 ... 90.0)
point
32-bit
glintlon floating- None Solar glint geodetic longitude in degrees East at nadirTAI (-180.0 ... 180.0)
point
Bit field. Bitwise OR of CalFlag over the all channels with ExcludedChans < 3.
Zero means all "good" channels were well calibrated for this scanline Bit 7
(MSB): scene over/underflow;
. Bit 6: (value 64) anomaly in offset calculation;
8-bit o . ) L
) Bit 5: (value 32) anomaly in gain calculation;
CalScanSummary  |unsigned None A .
integer Bit 4: (value 16) pop detected;
9 Bit 3: (value 8) DCR Occurred;
Bit 2: (value 4) Moon in View;
Bit 1: (value 2) telemetry out of limit condition;
Bit 0: (LSB, value 1) cold scene noise
Bit field, by channel, for the current scanline. Zero means the channel was well
calibrated, for this scanline. Bit 7 (MSB): scene over/underflow;
. Bit 6: (value 64) anomaly in offset calculation;
8-bit _ o . ) L
CalFlag unsigned Channel (= B!t 5: (value 32) anomaly in gain calculation;
integer 2378) Bit 4: (value 16) pop detected;

Bit 2: (value 4) Moon in View;

(
(
Bit 3: (value 8) DCR Occurred;
(
Bit 1: (value 2) telemetry out of limit condition;
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SpaceViewDelta

spaceview_selection

OpMode

EDCBOARD

32-bit
floating-
point

8-bit
unsigned
integer

16-bit
unsigned
integer

16-bit
unsigned
integer

Al1-2.L1B

Channel (=
2378)

None

None

None

Fu

AIRS QA Interface Specification

Bit 0: (LSB, value 1) cold scene noise

The median of the four spaceviews immediately following the Earth views in the
scanline, minus the median of the spaceviews immediately preceding the Earth
views in the scanline (also the magnitude of a "pop" in this scanline, when the
"pop detected" bit is set in CalFlag.) (data numbers)

Indicates which footprints were included for this scan. Each bit is high when the
corresponding space view is used in the spaceview offset calculation. (See L1B
Processing Requirements, section 6.2);

LSB is first space view.

Instrument Operations Mode. See AIRS Command Handbook, section 6.4 for a
definition of each bit. Bits 0 (LSB)-2 cal phase;

bits 3-6 Cal Func;

Bit 7 quicklook (expedited) flag;

bits 8-11 submode Bits 12-14 Mode (0=standby, 1=ready, 2=operate,
3=checkout, 4=decontaminate, 5=off, 6=survival);

bit 16 transition flag

EDC A/B Powered on Indicator:;
0: Both sides off;

1: Side A;

2: Side B;

3: Invalid;

65534: No value downlinked

Il Swath Data Fields

These fields appear for every footprint of every scanline in the granule (GeoTrack * GeoXTrack times).

Name

Scanang

ftptgeoqa

zengeoqga

demgeoqa

satzen

satazi

solzen

solazi

sun_glint_distance

topog

topog_err

Type

32-bit
floating-
point
32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer
32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point
16-bit
integer
32-bit
floating-
point

32-bit

Extra

Dimensions

None

None

None

None

None

None

None

None

None

None

None

Explanation

Scanning angle of AIRS instrument with respect to the AIRS Instrument for
this footprint (-180.0 ... 180.0, negative at start of scan, 0 at nadir)

See Appendix D

See Appendix D

See Appendix D

See Appendix D

Spacecraft azimuth angle (-180.0 ... 180.0) degrees E of N GEO)

Solar zenith angle (0.0 ... 180.0) degrees from zenith (measured relative to
the geodetic vertical on the reference (WGS84) spheroid and including
corrections outlined in EOS SDP toolkit for normal accuracy.)

Solar azimuth angle (-180.0 ... 180.0) degrees E of N GEO)

Distance (km) from footprint center to location of the sun glint (-9999 for
unknown, 30000 for no glint visible because spacecraft is in Earth's shadow)

Mean topography in meters above reference ellipsoid

Error estimate for topog
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floating-
point
32-bit
landFrac floating- None Fraction of spot that is land (0.0 ... 1.0)
point
32-bit
landFrac_err floating- None Error estimate for landFrac
point
32-bit A . . . s
state X None Data state: 0:Process, 1:Special, 2:Erroneous, 3:Missing
integer
. Radiance difference in the 2560 cm**-1 window region used to warn of
32-bit - . X L
. . ; possible errors caused by scene non-uniformity and misalignment of the
Rdiff_swindow floating- None R ) ;
oint beams: radiance(Rdiff_swindow_M1a_chan) -
P radiance(Rdiff_swindow_M2a_chan). (radiance units)
. Radiance difference in the longwave window(850 cm**-1) used to warn of
32-bit - . . e
. . ; possible errors caused by scene non-uniformity and misalignment of the
Rdiff_Iwindow floating- None R ) .
oint beams: radiance(Rdiff_Iwindow_M8_chan) -
P radiance(Rdiff_lwindow_M9_chan). (radiance units)
Threshold test for scene inhomogeneity, using band-overlap detectors (bit
fields).;
Bit 7 (MSB, value 128): scene is inhomogeneous, as determined by the
8-bit Rdiff_swindow threshold. For v5.0 the test is abs(Rdiff_swindow) > 5 *
Scenelnhomogeneous |unsigned  |None sqrt(NeN(Rdiff_swindow_M1a_chan)*2 + NeN(Rdiff_swindow_M2a_chan));
integer Bit 6 (value 64): scene is inhomogeneous, as determined by the
Rdiff_Iwindow threshold. For v5.0 the test is abs(Rdiff_Iwindow) > 5 *
sqrt(NeN(Rdiff_lwindow_M8_chan)"2 + NeN(Rdiff_Ilwindow_M9_chan));
Bits 5-0: unused (reserved)
Flag telling whether dust was detected in this scene;
1: Dust detected;
16-bit 0: Dust not detected;

dust_flag integer None -1: Dust test not valid because of land;
9 -2: Dust test not valid because of high latitude;
-3: Dust test not valid because of suspected cloud;
-4: Dust test not valid because of bad input data

16-bit Dust score. Each bit results from a different test comparing radiances. Higher
dust_score None scores indicate more certainty of dust present. Dust probable when score is

integer over 380. Not valid when dust_flag is negative.
Flag telling whether scene was flagged as clear by a spectral filter. Only
ocean filter is validated;
2: Ocean test applied and scene identified as clear;
spectral_clear_indicator 16-bit None 1: Ocean test applied and scene not identified as clear;
- - integer 0: Calculation could not be completed. Possibly some inputs were missing or
FOV is on coast or on the edge of a scan or granule;
-1: Unvalidated land test applied and scene not identified as clear;
-2: Unvalidated land test applied and scene identified as clear
32-bit Brightness temperature difference Tb(1361.44 cm-1) - Tb(1433.06 cm-1)
BT_diff_ SO2 floating- None used as an indicator of SO2 release from volcanoes. Values under -6 K have
point likely volcanic SO2. (Kelvins)

Special AIRS Types

AIRS works around the lack of support for records in HDF-EOS Swath by grouping related fields into pseudo-records. HDF-EOS
fieldnames are generated by concatenating the pseudo-record name with the subfield name, putting a "." character in between.
Since these record types do not exist at the HDF-EOS swath level, reading subfield "min" of AIRS field "input_scene_counts"

involves reading HDF-EOS Swath field "input_scene_counts.min".

Limited Engineering Struct: This type is used for engineering data fields for which there are known "yellow" limits.

Field Name Type Explanation
min gil_r?tlt floating- Minimum value field takes on in granule (not valid when num_in = 0)
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32-bit floating-

max point Maximum value field takes on in granule (not valid when num_in = 0)
mean gil_:tlt floating- Mean of values field takes on in granule (not valid when num_in = 0)
dev gil_:tlt floating- Standard Deviation of values field takes on in granule (not valid when num_in < 2)
num_in 32-bit integer Count of in-range values field takes on in granule
num_lo 32-bit integer Count of out-of-range low values field takes on in granule
num_hi 32-bit integer Count of out-of-range high values field takes on in granule
num_bad 32-bit integer Count of occassions on which field takes on invalid flag value (-9999) in granule
. 32-bit floating- - .
range_min . Minimum in-range value.
point
32-bit floating- . .
range_max point Maximum in-range value.

Missing limits flags. Bit 0 (LSB) is 1 when yellow low (range_min) limit is missing;
missing 8-bit integer Bit 1 is high when yellow high (range_max) limit is missing;
other bits unused, set to 0.

max_track 32-bit integer GeoTrack index (counting from 1) where max was found
max_xtrack 32-bit integer GeoXTrack index (counting from 1) where max was found
min_track 32-bit integer GeoTrack index (counting from 1) where min was found
min_xtrack 32-bit integer GeoXTrack index (counting from 1) where min was found

Unlimited Engineering Struct: This type is used for engineering data fields for which there are NOT known "yellow" limits.

Field Name Type Explanation

min gil_:tlt floating- Minimum value field takes on in granule (not valid when num = 0)

max gil_:tlt floating- Maximum value field takes on in granule (not valid when num = 0)

mean gil_:tlt floating- Mean of values field takes on in granule (not valid when num = 0)

dev gil_:tlt floating- Standard Deviation of values field takes on in granule (not valid when num < 2)
num 32-bit integer Count of occurrences of field in granule (not including those counted in num_bad)
num_bad 32-bit integer Count of occassions on which field takes on invalid flag value (-9999) in granule
max_track 32-bit integer GeoTrack index (counting from 1) where max was found

max_xtrack 32-bit integer GeoXTrack index (counting from 1) where max was found

min_track 32-bit integer GeoTrack index (counting from 1) where min was found

min_xtrack 32-bit integer GeoXTrack index (counting from 1) where min was found
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A1-3. L1B Visible/NIR Science Interface Specification

Interface Specification Version 5.0.14.0

2007-04-11

ESDT ShortName = "AIRVBRAD"

Swath Name = "L1B_VIS_Science"

Level = "level1B"

# Footprints = 90

# scanlines per scanset = 3

Dimensions

These fields define all dimensions that can be used for HDF-EOS swath fields.

The names "GeoTrack" and "GeoXTrack" have a special meaning for this document: "Cross-Track" data fields have a hidden
dimension of "GeoXTrack"; "Along-Track" data fields have a hidden dimension of "GeoTrack"; "Full Swath” data fields have hidden
dimensions of both "GeoTrack" and "GeoXTrack".

Name Value
GeoXTrack 90
# of scan
GeoTrack lines in
swath
SubTrack 9
SubXTrack 8

GeolLocationsPerSpot |4

Channel 4

These fields appear for every footprint (GeoTrack * GeoXTrack times) and correspond to footprint center coordinates and "shutter’

Explanation

Dimension across track for footprint positions. Same as number of footprints per scanline. --
starting at the left and increasing towards the right as you look along the satellite's path

Dimension along track for footprint positions. Same as number of scanlines in granule.
Parallel to the satellite's path, increasing with time. (Nominally 45 for Level-2, AMSU-A, and
AIRS/Vis low-rate engineering;

135 for AIRS/Vis and HSB high-rate quantities)

VIS detector elements per AIRS footprint along track (9). Direction is the same as GeoTrack
-- parallel to the satellite's path, increasing with time. (opposite order to detector ordering --
detector 0 is last)

VIS samples per AIRS footprint across track (8). Direction is the same as GeoXTrack --
starting at the left and increasing towards the right as you look along the satellite's path

Geolocations for the 4 corner pixels in the order: trailing first scanned;

trailing last-scanned;

leading first-scanned;

leading last-scanned. Each footprint also has a central geolocation associated with the
swath geolocation lat/lon/time of the footprint.

Dimension of channel array (Channel 1: ~0.40 micron;
Ch 2: ~0.6 micron;
Ch 3: ~0.8 micron;
Ch 4: broadband)

Geolocation Fields

time.

Name Explanation

Latitude Footprint boresight geodetic Latitude in degrees North (-90.0 ... 90.0)
Longitude Footprint boresight geodetic Longitude in degrees East (-180.0 ... 180.0)
Time Footprint "shutter" TAl Time: floating-point elapsed seconds since Jan 1, 1993
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Attributes

These fields appear only once per granule and use the HDF-EOS "Attribute" interface.
Name Type Explanation

Number of AMSU-A footprints that are uniformly dark in the level-1B VIS/NIR and
are thus likely to be uniformly clear

Number of AMSU-A footprints that are uniformly bright in the level-1B VIS/NIR and
are thus likely to be uniformly cloudy

VISDarkAMSUFOVCount |32-bit integer

VISBrightAMSUFOVCount |32-bit integer

string of 8-bit

processing_level Zero-terminated character string denoting processing level ("level1B")

characters
instrument string of 8-bit Zero-terminated character string denoting instrument ("VIS")
characters
Zero-terminated character string set to "Night" when the subsatellite points at the
string of 8-bit beginning and end of a granule are both experiencing night according to the "civil
DayNightFlag 9 twilight" standard (center of refracted sun is below the horizon). It is set to "Day"
characters L " " . L
when both are experiencing day, and "Both" when one is experiencing day and the
other night. "NA" is used when a determination cannot be made.
AutomaticQAFlag string of 8-bit gerp—te"rmln?ted char"acter string denoting granule data quality: (Always "Passed",
characters Failed", or "Suspect")
NumTotalData 32-bit integer Total number of expected scene footprints
NumProcessData 32-bit integer Numbe_r of scene footprints which are present and can be processed routinely
(state = 0)
NumSpecialData 32-bit integer Num_ber of scene fi)otpnnts which are present and can be processed only as a
special test (state = 1)
NumBadData 32-bit integer Number of scene footprints which are present but cannot be processed (state = 2)
NumMissingData 32-bit integer Number of expected scene footprints which are not present (state = 3)
NumLandSurface 32-bit integer Number of scene footprints for which the surface is more than 90% land
NumOceanSurface 32-bit integer Number of scene footprints for which the surface is less than 10% land
Zero-terminated character string denoting whether granule is ascending,
node tvpe string of 8-bit descending, or pole-crossing: ("Ascending" and "Descending" for entirely ascending
-yp characters or entirely descending granules, or "NorthPole" or "SouthPole" for pole-crossing
granules. "NA" when determination cannot be made.)
start_year 32-bit integer Year in which granule started, UTC (e.g. 1999)
start_month 32-bit integer Month in which granule started, UTC (1 ... 12)
start_day 32-bit integer Day of month in which granule started, UTC (1 ... 31)
start_hour 32-bit integer Hour of day in which granule started, UTC (O ... 23)
start_minute 32-bit integer Minute of hour in which granule started, UTC (O ... 59)
start_sec gil_:tlt floating- Second of minute in which granule started, UTC (0.0 ... 59.0)
start_orbit 32-bit integer Orbit number of mission in which granule started
end_orbit 32-bit integer Orbit number of mission in which granule ended
orbit_path 32-bit integer Orbit path of start orbit (1 ... 233 as defined by EOS project)
start_orbit_row 32-bit integer Orbit row at start of granule (1 ... 248 as defined by EOS project)
end_orbit_row 32-bit integer Orbit row at end of granule (1 ... 248 as defined by EOS project)
granule_number 32-bit integer Number of granule within day (1 ... 240)
num_scansets 32-bit integer Number of scansets in granule (1 ... 45)
num_scanlines 32-bit integer Number of scanlines in granule (3 * num_scansets)
start Latitude 64-bit floating-  |Geodetic Latitude of spacecraft at start of granule (subsatellite location at midpoint
= point of first scan) in degrees North (-90.0 ... 90.0)
start Lonaitude 64-bit floating-  |Geodetic Longitude of spacecraft at start of granule (subsatellite location atmidpoint
—-ong point of first scan) in degrees East (-180.0 ... 180.0)
start_Time gil_:tlt floating- TAI Time at start of granule (floating-point elapsed seconds since start of 1993)
end_Latitude 64-bit floating-  |Geodetic Latitude of spacecraft at end of granule (subsatellite location at midpoint
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point of last scan) in degrees North (-90.0 ... 90.0)
end Lonaitude 64-bit floating-  |Geodetic Longitude of spacecraft at end of granule (subsatellite location at midpoint
—-ong point of last scan) in degrees East (-180.0 ... 180.0)
end_Time gil_:tlt floating- TAIl Time at end of granule (floating-point elapsed seconds since start of 1993)
eq x longitude 32-bit floating-  |Longitude of spacecraft at southward equator crossing nearest granule start in
a_x_long point degrees East (-180.0 ... 180.0)
. 64-bit floating-  |Time of eq_x_longitude in TAI units (floating-point elapsed seconds since start of
eq_x_tai .
point 1993)
. 32-bit unsigned See Appendix D
orbitgeoqa .
integer
num_satgeoqa 16-bit integer Number of scans with problems in satgeoqga
num_glintgeoqa 16-bit integer Number of scans with problems in glintgeoqa
num_moongeoqa 16-bit integer Number of scans with problems in moongeoqga
num_ftptgeoqa 16-bit integer Number of footprints with problems in ftptgeoqga
num_zengeoqa 16-bit integer Number of footprints with problems in zengeoga
num_demgeoqa 16-bit integer Number of footprints with problems in demgeoqa
num_fpe 16-bit integer Number of floating point errors
LonGranuleCen 16-bit integer Geodetic Longitude of the center of the granule in degrees East (-180 ... 180)
LatGranuleCen 16-bit integer Geodetic Latitude of the center of the granule in degrees North (-90 ... 90)
LocTimeGranuleCen 16-bit integer Local solar time at the center of the granule in minutes past midnight (0 ... 1439)
VegMapFileName string of 8-bit Name of AVHRR input file used as Vegetation Map
characters

Color Counts
(see below)
Limited
Engineering
Struct (see
below)

limit_vis_det_temp Input limit checking on Vis sensor array temperature

input_vis_det_temp Input statistics on Vis sensor array temperature

Zero-terminated character string denoting which adjacent granules were available

string of 8-bit for smoothing ("All" for both previous & next, "Prev" for previous but not next, "Next"

granules_present

characters for next but not previous, "None" for neither previous nor next)

alian 1 2 nadir 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
gn_1_<_ point nadir AIRS footprints (45 & 46) between VIS channels 1 & 2

alian 2 3 nadir 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
9n_<_2_ point nadir AIRS footprints (45 & 46) between VIS channels 2 & 3

alian 2 4 nadir 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
gn_< % point nadir AIRS footprints (45 & 46) between VIS channels 2 & 4

alian 1 2 maxan 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
gn_1_<_ 9 point limb AIRS footprints (1 & 90) between VIS channels 1 & 2

alian 2 3 maxan 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
9n_<_2_ 9 point limb AIRS footprints (1 & 90) between VIS channels 2 & 3

alian 2 4 maxan 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
gn_< % 9 point limb AIRS footprints (1 & 90) between VIS channels 2 & 4

alian vis airs 32-bit floating-  |Expected error (km) between the pixel locations for the corner locations of near-
gn_vis_ point nadir AIRS footprints (45 & 46) between the AIRS center and all VIS channels

Per-Granule Data Fields
These fields appear only once per granule and use the HDF-EOS "Field" interface.
Name Type Extra Dimensions Explanation

Channel (= 4)*

limit_scene_counts |Color Counts (see below) SubTrack (= 9)

Input limit checking on scene data numbers

. Channel (= 4)* Input limit checking on data numbers from the
limit_bb_counts Color Counts (see below) SubTrack( (= Z)) blgckbody (dark tagrget)

. Channel (= 4)* Input limit checking on data numbers from the
limit_phot_counts  Color Counts (see below) SubTrack (= 9) photometric calibration source (bright target)
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input_scene_counts

input_bb_counts

input_phot_counts

limit_offsets

offset_stats

offset_unc_stats

gain

gain_err

rad_stats

NeN_stats

xtrack_err

track_err

Name

offset

offset_err

NeN

satheight

satroll

satpitch

satyaw

satgeoqa

glintgeoqa

moongeoga

nadirTAI

sat_lat
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Limited Engineering Struct
(see below)

Limited Engineering Struct
(see below)

Limited Engineering Struct
(see below)

Color Counts (see below)

Unlimited Engineering
Struct (see below)

Unlimited Engineering
Struct (see below)

32-bit floating-point

32-bit floating-point

Unlimited Engineering
Struct (see below)

Limited Engineering Struct
(see below)

32-bit floating-point

32-bit floating-point

Type

32-bit
floating-point
32-bit
floating-point
32-bit
floating-point
32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer

64-bit
floating-point

64-bit
floating-point

Channel (=4) * -

SubTrack (= 9) Input statistics on scene data numbers

Channel (= 4)* Input statistics on data numbers from the blackbody
SubTrack (= 9) (dark target)

Channel (=4)* Input statistics on data numbers from the photometric
SubTrack (= 9) calibration source (bright target)

Channel (= 4)* L .

SubTrack (= 9) Output limit checking on offsets

Channel (= 4)* _—

SubTrack (= 9) Statistics on offsets

Channel (= 4)* - i

SubTrack (= 9) Statistics on offset uncertainties

Channel (= 4)* - . .

SubTrack (= 9) Gain: number of radiance units per count.

Channel (=4)* . ) . . .
SubTrack (= 9) Error caused by imperfect fit for gain (gain units).
Channel (= 4)* _— . . .
SubTrack (= 9) Statistics over the granule of radiances (radiance units)
Channel (= 4)* Statistics over the granule of Noise-equivalent
SubTrack (= 9) Radiance (NeN)

Channel (= 4) ((:kr:)ns)s—track pixel location error estimate per channel
Channel (= 4) (Aklrcr):;g—track pixel location error estimate per channel

Along-Track Data Fields

These fields appear once per scanline (GeoTrack times).

Extra
Dimensions

Channel (= 4
SubTrack (=

) *
9)
Channel (=4)*
SubTrack (= 9)
Channel (=4)*
SubTrack (= 9)

None

None
None
None
None
None
None

None

None

Explanation

Offset: number of counts expected for no radiance at time nadirTAl
Error caused by imperfect fit for offset (radiance units)
Noise-equivalent Radiance (radiance units)

Satellite altitude at nadirTAl in km above reference ellipsoid (e.g. 725.2)

Satellite attitude roll angle at nadirTAI (-180.0 ... 180.0 angle about the +x (roll)
ORB axis, +x axis is positively oriented in the direction of orbital flight
completing an orthogonal triad with y and z.)

Satellite attitude pitch angle at nadirTAI (-180.0 ... 180.0 angle about +y (pitch)
ORB axis. +y axis is oriented normal to the orbit plane with the positive sense
opposite to that of the orbit's angular momentum vector H.)

Satellite attitude yaw angle at nadirTAI (-180.0 ... 180.0 angle about +z (yaw)
axis. +z axis is positively oriented Earthward parallel to the satellite radius
vector R from the spacecraft center of mass to the center of the Earth.)

See Appendix D

See Appendix D

See Appendix D

TAI time at which instrument is nominally looking directly down. (between
footprints 15 & 16 for AMSU or between footprints 45 & 46 for AIRS/Vis &
HSB) (floating-point elapsed seconds since start of 1993)

Satellite geodetic latitude in degrees North (-90.0 ... 90.0)
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sat_lon 64-bit
- floating-point
scan_node_type |8-bit integer
. 32-bit
glintlat floating-point
lintlon 32-bit
9 floating-point
) 32-bit
ViSnsrArrTemp floating-point
32-bit
ScHeadTemp1 floating-point
16-bit
OpMode unsigned
integer

None Satellite geodetic longitude in degrees East (-180.0 ... 180.0)

None 'A' for ascending, 'D' for descending, 'E' when an error is encountered in trying
to determine a value.

None Solar glint geodetic latitude in degrees North at nadirTAI (-90.0 ... 90.0)

None Solar glint geodetic longitude in degrees East at nadirTAI (-180.0 ... 180.0)

None Vis/NIR Sensor Array Temperature (Celcius)

None Scanner Head Housing Temperature 1 (active A or B) (Celcius)

Instrument Operations Mode. See AIRS Command Handbook, section 6.4 for
a definition of each bit. Bits 0 (LSB)-2 cal phase;
bits 3-6 Cal Func;

None Bit 7 quicklook (expedited) flag;
bits 8-11 submode Bits 12-14 Mode (0=standby, 1=ready, 2=operate,
3=checkout, 4=decontaminate, 5=off, 6=survival);
bit 16 transition flag

Full Swath Data Fields

These fields appear for every footprint of every scanline in the granule (GeoTrack * GeoXTrack times).

Name Type Extra Dimensions Explanation
32-bit Channel (= 4) * SubTrack

radiances floating- T oy % o Radiances for each channel in Watts/m**2/micron/steradian
point (=9) * SubXTrack (= 8)

PrelimCIdQA 8-bit integer |None Cloud QA index (0-good or 1-bad) -1 for not calculated
32-bit

PrelimCldFracVis floating- None Cloud Fraction (0.0-1.0) -9999.0 for not calculated
point
32-bit

PrelimCldFracVisErr |floating- None Cloud Fraction Error (0.0-1.0) -9999.0 for not calculated
point
32-bit

PrelimClrFracVis floating- None Clear Fraction (0.0-1.0) -9999.0 for not calculated
point
32-bit

PrelimClrFracVisErr |floating- None Clear Fraction Error (0.0-1.0) -9999.0 for not calculated
point

PrelimCldMapVis 8-bit integer

32-bit
PrelimNDVI floating-
point
16-bit
integer
16-bit
integer
32-bit
scanang floating-
point
32-bit
ftptgeoqa unsigned
integer
16-bit
zengeoqa unsigned
integer
16-bit
demgeoqa unsigned
integer

bright_index

inhomo_index

SubTrack (=9) *
SubXTrack (= 8 Cloud Map (0-clear, 1-cloudy) -1 for not calculated
SubTrack (=9) *

SubXTrack (= 8 Vegetation Index (-1.0 to 1.0) -999.0 for not calculated

None Brightness index (1...5, 5 is brightest. -1 for not calculated

Inhomgeneity index (0...64, 1st digit NDVI-Dev, 2nd digit Ch1-Deyv, -

None 9999 for not calculated

Scanning angle of AIRS instrument with respect to the AIRS
None Instrument for this footprint (-180.0 ... 180.0, negative at start of
scan, 0 at nadir)

See Appendix D

None

See Appendix D
None

See Appendix D
None
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Spacecraft zenith angle (0.0 ... 180.0) degrees from zenith

32-bit . . :
satzen floating- None (measured relatl\{e to th_e geoc_jetlc vemc_al on the_ refe_rence
. WGS84) spheroid and including corrections outlined in EOS SDP
oint
P toolkit for normal accuracy.)
32-bit
satazi floating- None Spacecraft azimuth angle (-180.0 ... 180.0) degrees E of N GEO)
point
39-bit Solar zenith angle (0.0 ... 180.0) degrees from zenith (measured
solzen floating- None relative to the geodetic vertical on the reference (WGS84) spheroid
oint 9 and including corrections outlined in EOS SDP toolkit for normal
P accuracy.)
32-bit
solazi floating- None Solar azimuth angle (-180.0 ... 180.0) degrees E of N GEO)
point
16-bit Distance (km) from footprint center to location of the sun glint (-

sun_glint_distance None 9999 for unknown, 30000 for no glint visible because spacecraft is

integer in Earth's shadow)
32-bit
topog floating- None Mean topography in meters above reference ellipsoid
point
32-bit
topog_err floating- None Error estimate for topog
point
32-bit
landFrac floating- None Fraction of spot that is land (0.0 ... 1.0)
point
32-bit
landFrac_err floating- None Error estimate for landFrac
point
state .32_b|t None Data state: 0:Process, 1:Special, 2:Erroneous, 3:Missing
integer
cornerlats ﬁg::ilrt] . GeolocationsPerSpot (= 4) |Geodetic Latitudes at the centers of the pixels at the corners of the
point 9 * Channel (= 4) IR footprint by channel in degrees North (-90.0 ... 90.0)
cornerlons ﬁg::ilr: . GeolLocationsPerSpot (= 4) |Geodetic Longitudes at the centers of the pixels at the corners of
point 9 * Channel (= 4) the IR footprint by channel in degrees East (-180.0 ... 180.0)

Special AIRS Types

AIRS works around the lack of support for records in HDF-EOS Swath by grouping related fields into pseudo-records. HDF-EOS
fieldnames are generated by concatenating the pseudo-record name with the subfield name, putting a "." character in between.
Since these record types do not exist at the HDF-EOS swath level, reading subfield "min" of AIRS field "input_scene_counts"
involves reading HDF-EOS Swath field "input_scene_counts.min".

Limited Engineering Struct: This type is used for engineering data fields for which there are known "yellow" limits.

Field Name Type Explanation

min gil_r?tlt floating- Minimum value field takes on in granule (not valid when num_in = 0)

max gil_:tlt floating- Maximum value field takes on in granule (not valid when num_in = 0)

mean gil_:tlt floating- Mean of values field takes on in granule (not valid when num_in = 0)

dev gil_:tlt floating- Standard Deviation of values field takes on in granule (not valid when num_in < 2)
num_in 32-bit integer Count of in-range values field takes on in granule

num_lo 32-bit integer Count of out-of-range low values field takes on in granule

num_hi 32-bit integer Count of out-of-range high values field takes on in granule

num_bad 32-bit integer Count of occassions on which field takes on invalid flag value (-9999) in granule
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32-bit floating-
point

32-bit floating-
point

range_min Minimum in-range value.

range_max Maximum in-range value.
Missing limits flags. Bit 0 (LSB) is 1 when yellow low (range_min) limit is missing;
missing 8-bit integer Bit 1 is high when yellow high (range_max) limit is missing;

other bits unused, set to 0.

max_track 32-bit integer GeoTrack index (counting from 1) where max was found
max_xtrack 32-bit integer GeoXTrack index (counting from 1) where max was found
min_track 32-bit integer GeoTrack index (counting from 1) where min was found
min_xtrack 32-bit integer GeoXTrack index (counting from 1) where min was found

Unlimited Engineering Struct: This type is used for engineering data fields for which there are NOT known "yellow" limits.

Field Name Type Explanation

min 32-bit floating-point  |Minimum value field takes on in granule (not valid when num = 0)

max 32-bit floating-point |Maximum value field takes on in granule (not valid when num = 0)

mean 32-bit floating-point |Mean of values field takes on in granule (not valid when num = 0)

dev 32-bit floating-point |Standard Deviation of values field takes on in granule (not valid when num < 2)
num 32-bit integer Count of occurrences of field in granule (not including those counted in num_bad)
num_bad 32-bit integer Count of occassions on which field takes on invalid flag value (-9999) in granule
max_track 32-bit integer GeoTrack index (counting from 1) where max was found

max_xtrack 32-bit integer GeoXTrack index (counting from 1) where max was found

min_track 32-bit integer GeoTrack index (counting from 1) where min was found

min_xtrack 32-bit integer GeoXTrack index (counting from 1) where min was found

Color Counts: This type tracks counts of values received during an interval by how they compare to corresponding "red" and
"yellow" limits.

Field Name Type Explanation
red_lo_limit gil_:tlt floating- /2146 of the low "red” limit.

red_lo_cnt 32-bit integer Count of values less than the low "red" limit. This is an "Alarm" condition.

Count of occasions on which the "color" of this field changed from some other value to

to_red_lo 32-bit integer "red_low".

32-bit floating-

yellow_lo_limit point

Value of the low "yellow" limit.
Count of values greater than the low "red" limit but less than the low "yellow" limit. This is a

yellow_lo_cnt |32-bit integer "Warning" condition.

. Count of occasions on which the "color" of this field changed from some other value to
to_yellow_lo |32-bit integer

"yellow_low".
green_cnt 32-bit integer Count of values greater than the low "yellow" limit but less than the high "yellow" limit.
to_green 32-bit integer Count of occasions on which the "color" of this field changed from some other value to "green".
yellow_hi_limit 35{5” floating- /2146 of the high "yellow" limit.

Count of values greater than the high "yellow" limit but less than the high "red" limit. This is a

yellow_hi_cnt |32-bit integer "Warning" condition.

Count of occasions on which the "color" of this field changed from some other value to

to_yellow_hi |32-bit integer "vellow_high".

32-bit floating-

red_hi_limit .
- = point

Value of the high "red" limit.

red_hi_cnt 32-bit integer Count of values greater than the high "red" limit. This is an "Alarm" condition.
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Count of occasions on which the "color" of this field changed from some other value to
"red_high".

Missing limits flags. Bit 0 (LSB) is 1 when yellow low limit (yellow_lo_limit) is missing;
Bit 1 is high when yellow high limit is missing;
missing 8-bit integer Bit 2 is 1 when red low limit is missing;
Bit 3 is 1 when red high limit is missing;
Other bits unused set to 0.

to_red_hi 32-bit integer
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A1-4. L1B Visible/NIR QA Interface Specification

Interface Specification Version 5.0.14.0

2007-04-11

ESDT ShortName = "AIRVBQAP"

Swath Name = "L1B_VIS_QA"

Level = "level1B"

# Footprints = 90

# scanlines per scanset = 3

Dimensions

These fields define all dimensions that can be used for HDF-EOS swath fields.

The names "GeoTrack" and "GeoXTrack" have a special meaning for this document: "Cross-Track" data fields have a hidden
dimension of "GeoXTrack"; "Along-Track" data fields have a hidden dimension of "GeoTrack"; "Full Swath” data fields have hidden
dimensions of both "GeoTrack" and "GeoXTrack".

Name Value
GeoXTrack 90
# of scan
GeoTrack lines in
swath
SubTrack 9
SubXTrack 8

GeolLocationsPerSpot |4

Channel 4

These fields appear for every footprint (GeoTrack * GeoXTrack times) and correspond to footprint center coordinates and "shutter’

Explanation

Dimension across track for footprint positions. Same as number of footprints per scanline. --
starting at the left and increasing towards the right as you look along the satellite's path

Dimension along track for footprint positions. Same as number of scanlines in granule.
Parallel to the satellite's path, increasing with time. (Nominally 45 for Level-2, AMSU-A, and
AIRS/Vis low-rate engineering;

135 for AIRS/Vis and HSB high-rate quantities)

VIS detector elements per AIRS footprint along track (9). Direction is the same as GeoTrack
-- parallel to the satellite's path, increasing with time. (opposite order to detector ordering --
detector 0 is last)

VIS samples per AIRS footprint across track (8). Direction is the same as GeoXTrack --
starting at the left and increasing towards the right as you look along the satellite's path

Geolocations for the 4 corner pixels in the order: trailing first scanned;

trailing last-scanned;

leading first-scanned;

leading last-scanned. Each footprint also has a central geolocation associated with the
swath geolocation lat/lon/time of the footprint.

Dimension of channel array (Channel 1: ~0.40 micron;
Ch 2: ~0.6 micron;
Ch 3: ~0.8 micron;
Ch 4: broadband)

Geolocation Fields

time.

Name Explanation

Latitude Footprint boresight geodetic Latitude in degrees North (-90.0 ... 90.0)
Longitude Footprint boresight geodetic Longitude in degrees East (-180.0 ... 180.0)
Time Footprint "shutter" TAl Time: floating-point elapsed seconds since Jan 1, 1993
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Attributes

These fields appear only once per granule and use the HDF-EOS "Attribute" interface.

Name

processing_level

instrument

DayNightFlag

AutomaticQAFlag

NumTotalData

NumProcessData
NumSpecialData

NumBadData
NumMissingData

NumLandSurface

NumOceanSurface

node_type

start_year
start_month
start_day
start_hour

start_minute
start_sec

start_orbit
end_orbit
orbit_path
start_orbit_row
end_orbit_row
granule_number
num_scansets

num_scanlines

start_Latitude

start_Longitude

start_Time

end_Latitude

end_Longitude

end_Time

Type

string of 8-bit
characters

string of 8-bit
characters

string of 8-bit
characters

string of 8-bit
characters

32-bit integer
32-bit integer

32-bit integer

32-bit integer
32-bit integer
32-bit integer
32-bit integer

string of 8-bit
characters

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer

32-bit floating-
point

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

Explanation

Zero-terminated character string denoting processing level ("level1B")

Zero-terminated character string denoting instrument ("VIS")

Zero-terminated character string set to "Night" when the subsatellite points at the
beginning and end of a granule are both experiencing night according to the "civil
twilight" standard (center of refracted sun is below the horizon). It is set to "Day" when
both are experiencing day, and "Both" when one is experiencing day and the other night.
"NA" is used when a determination cannot be made.

Zero-terminated character string denoting granule data quality: (Always "Passed",
"Failed", or "Suspect")

Total number of expected scene footprints
Number of scene footprints which are present and can be processed routinely (state = 0)

Number of scene footprints which are present and can be processed only as a special
test (state = 1)

Number of scene footprints which are present but cannot be processed (state = 2)
Number of expected scene footprints which are not present (state = 3)

Number of scene footprints for which the surface is more than 90% land

Number of scene footprints for which the surface is less than 10% land

Zero-terminated character string denoting whether granule is ascending, descending, or
pole-crossing: ("Ascending" and "Descending" for entirely ascending or entirely
descending granules, or "NorthPole" or "SouthPole" for pole-crossing granules. "NA"
when determination cannot be made.)

Year in which granule started, UTC (e.g. 1999)

Month in which granule started, UTC (1 ... 12)

Day of month in which granule started, UTC (1 ... 31)
Hour of day in which granule started, UTC (O ... 23)
Minute of hour in which granule started, UTC (O ... 59)

Second of minute in which granule started, UTC (0.0 ... 59.0)

Orbit number of mission in which granule started

Orbit number of mission in which granule ended

Orbit path of start orbit (1 ... 233 as defined by EOS project)
Orbit row at start of granule (1 ... 248 as defined by EOS project)
Orbit row at end of granule (1 ... 248 as defined by EOS project)
Number of granule within day (1 ... 240)

Number of scansets in granule (1 ... 45)

Number of scanlines in granule (3 * num_scansets)

Geodetic Latitude of spacecraft at start of granule (subsatellite location at midpoint of first
scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at start of granule (subsatellite location at midpoint of
first scan) in degrees East (-180.0 ... 180.0)

TAI Time at start of granule (floating-point elapsed seconds since start of 1993)

Geodetic Latitude of spacecraft at end of granule (subsatellite location at midpoint of last
scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at end of granule (subsatellite location at midpoint of
last scan) in degrees East (-180.0 ... 180.0)

TAIl Time at end of granule (floating-point elapsed seconds since start of 1993)
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eqg_x_longitude

eq_x_tai

orbitgeoqa

num_satgeoqa
num_glintgeoqa
num_moongeoqa
num_ftptgeoqa
num_zengeoqa
num_demgeoqa
num_fpe
LonGranuleCen

LatGranuleCen

LocTimeGranuleCen

VegMapFileName

limit_vis_det_temp

input_vis_det_temp

granules_present

align_1_2_nadir

align_2_3_nadir

align_2_4_nadir

align_1_2_maxang

align_2_3_maxang

align_2_4_maxang

align_vis_airs
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32-bit floating-
point
64-bit floating-
point

32-bit unsigned
integer

16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer

string of 8-bit
characters
Color Counts
(see below)
Limited
Engineering
Struct (see
below)

string of 8-bit
characters

32-bit floating-
point
32-bit floating-
point
32-bit floating-
point
32-bit floating-
point
32-bit floating-
point
32-bit floating-
point

32-bit floating-
point

Longitude of spacecraft at southward equator crossing nearest granule start in degrees
East (-180.0 ... 180.0)

Time of eq_x_longitude in TAI units (floating-point elapsed seconds since start of 1993)

See Appendix D

Number of scans with problems in satgeoqga

Number of scans with problems in glintgeoqa

Number of scans with problems in moongeoqga

Number of footprints with problems in ftptgeoqga

Number of footprints with problems in zengeoga

Number of footprints with problems in demgeoqa

Number of floating point errors

Geodetic Longitude of the center of the granule in degrees East (-180 ... 180)
Geodetic Latitude of the center of the granule in degrees North (-90 ... 90)

Local solar time at the center of the granule in minutes past midnight (O ... 1439)

Name of AVHRR input file used as Vegetation Map

Input limit checking on Vis sensor array temperature

Input statistics on Vis sensor array temperature

Zero-terminated character string denoting which adjacent granules were available for
smoothing ("All" for both previous & next, "Prev" for previous but not next, "Next" for next
but not previous, "None" for neither previous nor next)

Expected error (km) between the pixel locations for the corner locations of near-nadir
AIRS footprints (45 & 46) between VIS channels 1 & 2

Expected error (km) between the pixel locations for the corner locations of near-nadir
AIRS footprints (45 & 46) between VIS channels 2 & 3

Expected error (km) between the pixel locations for the corner locations of near-nadir
AIRS footprints (45 & 46) between VIS channels 2 & 4

Expected error (km) between the pixel locations for the corner locations of near-limb
AIRS footprints (1 & 90) between VIS channels 1 & 2

Expected error (km) between the pixel locations for the corner locations of near-limb
AIRS footprints (1 & 90) between VIS channels 2 & 3

Expected error (km) between the pixel locations for the corner locations of near-limb
AIRS footprints (1 & 90) between VIS channels 2 & 4

Expected error (km) between the pixel locations for the corner locations of near-nadir
AIRS footprints (45 & 46) between the AIRS center and all VIS channels

Per-Granule Data Fields

These fields appear only once per granule and use the HDF-EOS "Field" interface.

Name

limit_scene_counts

limit_bb_counts

limit_phot_counts

input_scene_counts

input_bb_counts

input_phot_counts

Type

Color Counts (see below)
Color Counts (see below)

Color Counts (see below)
Limited Engineering Struct
(see below)

Limited Engineering Struct
(see below)

Limited Engineering Struct

Extra Dimensions

Channel (= 4)*
SubTrack (= 9)

Explanation

Input limit checking on scene data numbers

Channel (= 4) Input limit checking on data numbers from the
SubTrack (=9 blackbody (dark target)
Channel (= 4 Input limit checking on data numbers from the

SubTrack (=9

)

photometric calibration source (bright target)
Channel (= 4)
)

Input statistics on scene data numbers

)
)
)
)

SubTrack (=9

Channel (= 4 Input statistics on data numbers from the blackbody
SubTrack (=9 (dark target)

Channel (= 4) Input statistics on data numbers from the photometric
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limit_offsets

offset_stats

offset_unc_stats

gain

gain_err

rad_stats

NeN_stats

xtrack_err

track_err

Name

satheight

satroll

satpitch

satyaw

satgeoqa

glintgeoqa

moongeoga

nadirTAI

sat_lat

sat_lon

scan_node_type

glintlat

glintlon

ViSnsrArrTemp
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(see below)

Color Counts (see below)

Unlimited Engineering
Struct (see below)

Unlimited Engineering
Struct (see below)

32-bit floating-point

32-bit floating-point

Unlimited Engineering
Struct (see below)

Limited Engineering Struct

(see below)

32-bit floating-point

32-bit floating-point

Type

32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer

64-bit
floating-point

64-bit
floating-point
64-bit
floating-point
8-bit integer
32-bit
floating-point
32-bit
floating-point

32-bit
floating-point

SubTrack (=9 calibration source (bright target)

)
Channel (= 4)* L .
SubTrack (= 9) Output limit checking on offsets
Channel (= 4)* -
SubTrack (= 9) Statistics on offsets
Channel (= 4)* - i
SubTrack (= 9) Statistics on offset uncertainties
Channel (= 4)* - . .
SubTrack (= 9) Gain: number of radiance units per count.
Channel (=4)* . ) . . .
SubTrack (= 9) Error caused by imperfect fit for gain (gain units).
Channel (= 4)* - . . .
SubTrack (= 9) Statistics over the granule of radiances (radiance units)
Channel (= 4)* Statistics over the granule of Noise-equivalent
SubTrack (= 9) Radiance (NeN)
Channel (= 4) ((:kr:)ns)s—track pixel location error estimate per channel
Channel (= 4) (Aklrcr):;g—track pixel location error estimate per channel

Along-Track Data Fields

These fields appear once per scanline (GeoTrack times).

Extra
Dimensions

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Explanation

Satellite altitude at nadirTAl in km above reference ellipsoid (e.g. 725.2)

Satellite attitude roll angle at nadirTAI (-180.0 ... 180.0 angle about the +x (roll)
ORB axis, +x axis is positively oriented in the direction of orbital flight completing
an orthogonal triad with y and z.)

Satellite attitude pitch angle at nadirTAI (-180.0 ... 180.0 angle about +y (pitch)
ORB axis. +y axis is oriented normal to the orbit plane with the positive sense
opposite to that of the orbit's angular momentum vector H.)

Satellite attitude yaw angle at nadirTAI (-180.0 ... 180.0 angle about +z (yaw) axis.
+z axis is positively oriented Earthward parallel to the satellite radius vector R
from the spacecraft center of mass to the center of the Earth.)

See Appendix D

See Appendix D

See Appendix D

TAI time at which instrument is nominally looking directly down. (between
footprints 15 & 16 for AMSU or between footprints 45 & 46 for AIRS/Vis & HSB)
(floating-point elapsed seconds since start of 1993)

Satellite geodetic latitude in degrees North (-90.0 ... 90.0)

Satellite geodetic longitude in degrees East (-180.0 ... 180.0)

'A' for ascending, 'D' for descending, 'E' when an error is encountered in trying to
determine a value.

Solar glint geodetic latitude in degrees North at nadirTAI (-90.0 ... 90.0)
Solar glint geodetic longitude in degrees East at nadirTAI (-180.0 ... 180.0)

Vis/NIR Sensor Array Temperature (Celcius)
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ScHeadTemp1 32_b.|t .. |None Scanner Head Housing Temperature 1 (active A or B) (Celcius)
floating-point
Instrument Operations Mode. See AIRS Command Handbook, section 6.4 for a
definition of each bit. Bits 0 (LSB)-2 cal phase;

16-bit bits 3-6 Cal Func;
OpMode unsigned None Bit 7 quicklook (expedited) flag;
integer bits 8-11 submode Bits 12-14 Mode (0=standby, 1=ready, 2=operate, 3=checkout,

4=decontaminate, 5=off, 6=survival);
bit 16 transition flag

Full Swath Data Fields

These fields appear for every footprint of every scanline in the granule (GeoTrack * GeoXTrack times).

Extra .
Name Type Dimensions Explanation
scanan 32-bit None Scanning angle of AIRS instrument with respect to the AIRS Instrument for this
9 floating-point footprint (-180.0 ... 180.0, negative at start of scan, 0 at nadir)
32-bit See Appendix D
ftptgeoqa unsigned None
integer
16-bit See Appendix D
zengeoqa unsigned None
integer
16-bit See Appendix D
demgeoqa unsigned None
integer

39-bit Spacecraft zenith angle (0.0 ... 180.0) degrees from zenith (measured relative
satzen floating-point None to the geodetic vertical on the reference (WGS84) spheroid and including
9P corrections outlined in EOS SDP toolkit for normal accuracy.)
satazi 32_b.|t .. |None Spacecraft azimuth angle (-180.0 ... 180.0) degrees E of N GEO)
floating-point
39-bit Solar zenith angle (0.0 ... 180.0) degrees from zenith (measured relative to the
solzen floating-point None geodetic vertical on the reference (WGS84) spheroid and including corrections
9P outlined in EOS SDP toolkit for normal accuracy.)
solazi 32_b.|t .. |None Solar azimuth angle (-180.0 ... 180.0) degrees E of N GEO)
floating-point
Distance (km) from footprint center to location of the sun glint (-9999 for

sun_glint_distance |16-bit integer |None unknown, 30000 for no glint visible because spacecraft is in Earth's shadow)

32-bit

topog floating-point None Mean topography in meters above reference ellipsoid
32-bit .
topog_err floating-point None Error estimate for topog
32-bit . .
landFrac ) .. |None Fraction of spot that is land (0.0 ... 1.0)
floating-point
32-bit .
landFrac_err . . None Error estimate for landFrac
floating-point
state 32-bit integer |None Data state: 0:Process, 1:Special, 2:Erroneous, 3:Missing

Special AIRS Types

AIRS works around the lack of support for records in HDF-EOS Swath by grouping related fields into pseudo-records. HDF-EOS
fieldnames are generated by concatenating the pseudo-record name with the subfield name, putting a "." character in between.
Since these record types do not exist at the HDF-EOS swath level, reading subfield "min" of AIRS field "input_scene_counts"
involves reading HDF-EOS Swath field "input_scene_counts.min".

Limited Engineering Struct: This type is used for engineering data fields for which there are known "yellow" limits.

Field Name Type Explanation
min 32-bit floating-point |Minimum value field takes on in granule (not valid when num_in = 0)
max 32-bit floating-point |Maximum value field takes on in granule (not valid when num_in = 0)
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mean
dev
num_in
num_lo
num_hi
num_bad
range_min

range_max

missing

max_track
max_xtrack
min_track

min_xtrack
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32-bit floating-point |Mean of values field takes on in granule (not valid when num_in = 0)

32-bit floating-point |Standard Deviation of values field takes on in granule (not valid when num_in < 2)

32-bit integer
32-bit integer
32-bit integer
32-bit integer

Count of in-range values field takes on in granule
Count of out-of-range low values field takes on in granule
Count of out-of-range high values field takes on in granule

Count of occassions on which field takes on invalid flag value (-9999) in granule

32-bit floating-point |Minimum in-range value.

32-bit floating-point |Maximum in-range value.

8-bit integer

32-bit integer
32-bit integer
32-bit integer
32-bit integer

Missing limits flags. Bit 0 (LSB) is 1 when yellow low (range_min) limit is missing;
Bit 1 is high when yellow high (range_max) limit is missing;
other bits unused, set to 0.

GeoTrack index (counting from 1) where max was found
GeoXTrack index (counting from 1) where max was found
GeoTrack index (counting from 1) where min was found

GeoXTrack index (counting from 1) where min was found

Unlimited Engineering Struct: This type is used for engineering data fields for which there are NOT known "yellow" limits.

Field Name
min

max

mean

dev

num
num_bad
max_track
max_xtrack
min_track

min_xtrack

Type

Explanation

32-bit floating-point  |Minimum value field takes on in granule (not valid when num = 0)

32-bit floating-point |Maximum value field takes on in granule (not valid when num = 0)

32-bit floating-point |Mean of values field takes on in granule (not valid when num = 0)

32-bit floating-point |Standard Deviation of values field takes on in granule (not valid when num < 2)

32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer
32-bit integer

Color Counts: This type tracks

"yellow" limits.

Field Name
red_lo_limit
red_lo_cnt

to_red_lo

yellow_lo_limit

yellow_lo_cnt

to_yellow_lo

green_cnt

to_green

yellow_hi_limit

yellow_hi_cnt

to_yellow_hi

Type

32-bit floating-
point

32-bit integer
32-bit integer

32-bit floating-
point

32-bit integer

32-bit integer

32-bit integer
32-bit integer

32-bit floating-
point

32-bit integer

32-bit integer

Count of occurrences of field in granule (not including those counted in num_bad)
Count of occassions on which field takes on invalid flag value (-9999) in granule
GeoTrack index (counting from 1) where max was found

GeoXTrack index (counting from 1) where max was found

GeoTrack index (counting from 1) where min was found

GeoXTrack index (counting from 1) where min was found

counts of values received during an interval by how they compare to corresponding "red" and

Explanation
Value of the low "red" limit.

Count of values less than the low "red" limit. This is an "Alarm" condition.

Count of occasions on which the "color" of this field changed from some other value to
"red_low".

Value of the low "yellow" limit.

Count of values greater than the low "red" limit but less than the low "yellow" limit. This is a
"Warning" condition.

Count of occasions on which the "color" of this field changed from some other value to
"yellow_low".

Count of values greater than the low "yellow" limit but less than the high "yellow" limit.

Count of occasions on which the "color" of this field changed from some other value to "green".
Value of the high "yellow" limit.

Count of values greater than the high "yellow" limit but less than the high "red" limit. This is a
"Warning" condition.

Count of occasions on which the "color" of this field changed from some other value to
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to_red_hi

missing
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32-bit floating-
point

32-bit integer

32-bit integer

8-bit integer

"yellow_high".
Value of the high "red" limit.

Count of values greater than the high "red" limit. This is an "Alarm" condition.

Count of occasions on which the "color" of this field changed from some other value to
"red_high".

Missing limits flags. Bit 0 (LSB) is 1 when yellow low limit (yellow_lo_limit) is missing;
Bit 1 is high when yellow high limit is missing;

Bit 2 is 1 when red low limit is missing;

Bit 3 is 1 when red high limit is missing;

Other bits unused set to 0.
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A1-5. L1B AMSU Interface Specification

Interface Specification Version 5.0.14.0

2007-04-11

ESDT ShortName = "AIRABRAD"

Swath Name ="L1B_AMSU"

Level = "level1B"

# Footprints = 30

# scanlines per scanset = 1

Dimensions

These fields define all dimensions that can be used for HDF-EOS swath fields.

The names "GeoTrack" and "GeoXTrack" have a special meaning for this document: "Cross-Track" data fields have a hidden
dimension of "GeoXTrack"; "Along-Track" data fields have a hidden dimension of "GeoTrack"; "Full Swath” data fields have hidden
dimensions of both "GeoTrack" and "GeoXTrack".

Name Value

GeoXTrack 30

# of scan
GeoTrack lines in

swath
Channel 15

CalXTrack 4

SpaceXTrack |2

BBXTrack 2
WarmPRTA11 |5

WarmPRTA12 |5

Explanation

Dimension across track for footprint positions. Same as number of footprints per scanline. -- starting
at the left and increasing towards the right as you look along the satellite's path

Dimension along track for footprint positions. Same as number of scanlines in granule. Parallel to the
satellite's path, increasing with time. (Nominally 45 for Level-2, AMSU-A, and AIRS/Vis low-rate
engineering;

135 for AIRS/Vis and HSB high-rate quantities)

Dimension of channel array (Channel 1: 23.8 GHz;
Ch 2: 31.4 GHz;

Ch 3:50.3 GHz;

Ch 4:52.8 GHz;

Ch 5:53.596 +/- 0.115 GHz;

Ch 6: 54.4 GHz;

Ch 7:54.94 GHz;

Ch 8: 55.5 GHz;

Ch 9: fO;

Ch 10: f0 +/- 0.217 GHz Ch 11: fO +/- df +/- 48 MHz;
Ch 12: f0 +/- df +/- 22 MHz;

Ch 13: f0 +/- df +/- 10 MHz;

Ch 14: f0 +/- df +/- 4.5 MHz;

Ch 15: 89 GHz (f0 = 57290.344 MHz;

df = 322.4 MHz))

Dimension "across" track for calibration footprint positions. Same as number of calibration footprints
per scanline. (NUM_FOOTPRINTS_AMSU_CALIB) (Footprints are ordered: 1-2: spaceviews;
3-4: blackbody radiometric calibration source)

Dimension "across" track for spaceview calibration footprint positions in order of observation time.
(NUM_FOOTPRINTS_AMSU_SPACE)

Dimension "across" track for blackbody calibration footprint positions in order of observation time.
(NUM_FOOTPRINTS_AMSU_BB)

Number of PRTs measuring AMSU-A1-1 warm target (AMSU-A1-1 is AMSU-A channels 6, 7, 9-15)

Number of PRTs measuring AMSU-A1-2 warm target (AMSU-A1-2 is AMSU-A channels 3, 4, 5, and
8)
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WarmPRTA2 |7 Number of PRTs measuring AMSU-A2 warm target (AMSU-A2 is AMSU-A channels 1 & 2)

Geolocation Fields

These fields appear for every footprint (GeoTrack * GeoXTrack times) and correspond to footprint center coordinates and "shutter"
time.

Name Explanation

Latitude Footprint boresight geodetic Latitude in degrees North (-90.0 ... 90.0)
Longitude Footprint boresight geodetic Longitude in degrees East (-180.0 ... 180.0)
Time Footprint "shutter" TAl Time: floating-point elapsed seconds since Jan 1, 1993

Attributes

These fields appear only once per granule and use the HDF-EOS "Attribute" interface.

Name Type Explanation
. string of 8-bit . . . . " "
processing_level characters Zero-terminated character string denoting processing level ("level1B")
instrument string of 8-bit Zero-terminated character string denoting instrument ("AMSU-A")
characters

Zero-terminated character string set to "Night" when the subsatellite points
at the beginning and end of a granule are both experiencing night

DavNightFla string of 8-bit according to the "civil twilight" standard (center of refracted sun is below

yrig 9 characters the horizon). It is set to "Day" when both are experiencing day, and "Both"

when one is experiencing day and the other night. "NA" is used when a
determination cannot be made.

AutomaticQAFlag string of 8-bit gero—terwl?att_ed (ihara“cter strlng denoting granule data quality: (Always

characters Passed", "Failed", or "Suspect")

NumTotalData 32-bit integer Total number of expected channels * scene FOVs

NumProcessData 32-bit integer Number of channels scen_e FOVs which are present and can be
processed routinely (state = 0)

NumSpecialData 32-bit integer Number of channels scene FOVs Whl(ih are present and can be
processed only as a special test (state = 1)

NumBadData 32-bit integer Number of channfls scene FOVs which are present but cannot be
processed (state = 2)

NumMissingData 32-bit integer EL;Tber of expected channels * scene FOVs which are not present (state

NumLandSurface 32-bit integer Number of scene footprints for which the surface is more than 90% land

NumOceanSurface 32-bit integer Number of scene footprints for which the surface is less than 10% land
Zero-terminated character string denoting whether granule is ascending,

node tvpe string of 8-bit descending, or pole-crossing: ("Ascending" and "Descending" for entirely

-yp characters ascending or entirely descending granules, or "NorthPole" or "SouthPole"

for pole-crossing granules. "NA" when determination cannot be made.)

start_year 32-bit integer Year in which granule started, UTC (e.g. 1999)

start_month 32-bit integer Month in which granule started, UTC (1 ... 12)

start_day 32-bit integer Day of month in which granule started, UTC (1 ... 31)

start_hour 32-bit integer Hour of day in which granule started, UTC (O ... 23)

start_minute 32-bit integer Minute of hour in which granule started, UTC (O ... 59)

start_sec gil_:tlt floating- Second of minute in which granule started, UTC (0.0 ... 59.0)

start_orbit 32-bit integer Orbit number of mission in which granule started

end_orbit 32-bit integer Orbit number of mission in which granule ended

orbit_path 32-bit integer Orbit path of start orbit (1 ... 233 as defined by EOS project)

start_orbit_row 32-bit integer Orbit row at start of granule (1 ... 248 as defined by EOS project)

end_orbit_row 32-bit integer Orbit row at end of granule (1 ... 248 as defined by EOS project)

granule_number 32-bit integer Number of granule within day (1 ... 240)

num_scansets 32-bit integer Number of scansets in granule (1 ... 45)
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num_scanlines

start_Latitude

start_Longitude

start_Time

end_Latitude

end_Longitude

end_Time

eqg_x_longitude

eq_x_tai

orbitgeoqa

num_satgeoqa
num_glintgeoqa
num_moongeoqa
num_ftptgeoqa
num_zengeoqa
num_demgeoqa

num_fpe
LonGranuleCen
LatGranuleCen

LocTimeGranuleCen

num_scanlines_not_norm_mode_a1

num_scanlines_not_norm_mode_a2

num_missing_scanlines_a1

num_missing_scanlines_a2

num_data_gaps_a1

num_data_gaps_a2

num_instr_mode_changes_a1

num_instr_mode_changes_a2

num_scanlines_rec_cal_prob_a11

num_scanlines_rec_cal_prob_a12

num_scanlines_rec_cal_prob_a2

num_scanlines_sig_coast_xing
num_scanlines_sig_sun_glint
MoonInViewMWCount

32-bit integer

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

32-bit floating-
point

64-bit floating-
point

32-bit unsigned
integer

16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer

16-bit integer
16-bit integer

16-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer
32-bit integer
32-bit integer
32-bit integer

Number of scanlines in granule (1 * num_scansets)

Geodetic Latitude of spacecraft at start of granule (subsatellite location at
midpoint of first scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at start of granule (subsatellite location
at midpoint of first scan) in degrees East (-180.0 ... 180.0)

TAI Time at start of granule (floating-point elapsed seconds since start of
1993)

Geodetic Latitude of spacecraft at end of granule (subsatellite location at
midpoint of last scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at end of granule (subsatellite location at
midpoint of last scan) in degrees East (-180.0 ... 180.0)

TAI Time at end of granule (floating-point elapsed seconds since start of
1993)

Longitude of spacecraft at southward equator crossing nearest granule
start in degrees East (-180.0 ... 180.0)

Time of eq_x_longitude in TAI units (floating-point elapsed seconds since
start of 1993)

See Appendix D

Number of scans with problems in satgeoqga
Number of scans with problems in glintgeoqa
Number of scans with problems in moongeoqga
Number of footprints with problems in ftptgeoqga
Number of footprints with problems in zengeoga
Number of footprints with problems in demgeoqa
Number of floating point errors

Geodetic Longitude of the center of the granule in degrees East (-180 ...
180)

Geodetic Latitude of the center of the granule in degrees North (-90 ... 90)

Local solar time at the center of the granule in minutes past midnight (O ...
1439)

Number of scanlines not in Process state (AMSU-A1) (AMSU-A1 is
AMSU-A channels 3-15)

Number of scanlines not in Process state (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2)

Number of scanlines with state = missing (AMSU-A1) (AMSU-A1 is
AMSU-A channels 3-15)

Number of scanlines with state = missing (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2)

Number of blocks of scanlines where State is not Process (AMSU-A1)
(AMSU-A1 is AMSU-A channels 3-15)

Number of blocks of scanlines where State is not Process (AMSU-A2)
(AMSU-A2 is AMSU-A channels 1 and 2)

Number of operational instrument mode changes (AMSU-A1) (AMSU-A1
is AMSU-A channels 3-15)

Number of operational instrument mode changes (AMSU-A2) (AMSU-A2
is AMSU-A channels 1 and 2)

Number of scanlines with non-zero qa_receiver (AMSU-A1-1) (AMSU-A1-
1is AMSU-A channels 6, 7, 9-15)

Number of scanlines with non-zero qa_receiver (AMSU-A1-2) (AMSU-A1-
2 is AMSU-A channels 3, 4, 5, and 8)

Number of scanlines with non-zero qa_receiver (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2)

Number of scanlines with ga_scanline coast crossing bit set
Number of scanlines with ga_scanline sun glint bit set

Number of scanlines in granule with the moon in the AMSU-A1 space view
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QA_bb_PRT at1

QA_bb_PRT a12

QA_bb_PRT a2

QA _rec_PRT_a11

QA _rec_PRT_a12

QA _rec_PRT_a2

granules_present

Name

center_freq

IF_offset_1

IF_offset_2

bandwidth

num_calibrated_scanlines

num_scanlines_ch_cal_problems

bb_signals

space_signals

gain_stats

NeDT

QA_unfiltered_scene_count

QA_unfiltered_BB_count

QA_unfiltered_space_count

QA_cal_coef_a0

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

string of 8-bit
characters

plus number of scanlines in granule with the moon in the AMSU-A2 space
view (0-90)

Blackbody PRT temperature summary QA (AMSU-A1-1) (AMSU-A1-1 is
AMSU-A channels 6, 7, 9-15) (C)

Blackbody PRT temperature summary QA (AMSU-A1-2) (AMSU-A1-2 is
AMSU-A channels 3, 4, 5, and 8) (C)

Blackbody PRT temperature summary QA (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2) (C)

Receiver PRT temperature summary QA (AMSU-A1-1) (AMSU-A1-1 is
AMSU-A channels 6, 7, 9-15) (C)

Receiver PRT temperature summary QA (AMSU-A1-2) (AMSU-A1-2 is
AMSU-A channels 3, 4, 5, and 8) (C)

Receiver PRT temperature summary QA (AMSU-A2) (AMSU-A2 is AMSU-
A channels 1 and 2) (C)

Zero-terminated character string denoting which adjacent granules were

available for smoothing ("All" for both previous & next, "Prev" for previous
but not next, "Next" for next but not previous, "None" for neither previous
nor next)

Per-Granule Data Fields

These fields appear only once per granule and use the HDF-EOS "Field" interface.

Type
32-bit floating-point

32-bit floating-point

32-bit floating-point

32-bit floating-point

32-bit integer

32-bit integer

Extra Dimensions Explanation
Channel (= 15) Channel Center frequency (GHz)

Offset of first intermediate frequency stage

Channel (= 15) (MHz) (zero for no mixing)

Offset of second intermediate frequency

Channel (= 15) stage (MHz) (zero for no second mixing)

bandwidth of sum of 1, 2, or 4 channels
(MHz)

Number of scanlines that had calibration
coefs applied

Channel (= 15)

Channel (= 15)

Channel (= 15) Number of scanlines with non-zero

ga_channel
Unlimited Engineering BBXTrack (= 2) * Statistics on blackbody calibration signals
Struct (see below) Channel (= 15) (data numbers with offset subtracted)
Unlimited Engineering SpaceXTrack (= 2) * Statistics on spaceview calibration signals
Struct (see below) Channel (= 15) (data numbers with offset subtracted)
Unlimited Engineering Channel (= 15) Statistics on gains (count/K)

Struct (see below)

32-bit floating-point

Instrument noise level estimated from warm

Channel (= 15) count scatter (K)

Unlimited Engineering GeoXTrack (= 30) * Per footprint position raw scene count
Struct (see below) Channel (= 15) summary QA

Unlimited Engineering BBXTrack (= 2) * Per BB footprint position raw warm count
Struct (see below) Channel (= 15) summary QA (unfiltered)

Unlimited Engineering SpaceXTrack (= 2) * Per space footprint position raw cold count
Struct (see below) Channel (= 15) summary QA (unfiltered)

Unlimited Engineering Channel (= 15) Calibration coefficient a0 summary QA (K)

Struct (see below)
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QA_cal_coef_a1

QA_cal_coef_a2

QA_bb_raw_noise_counts

QA_sv_raw_noise_counts

Name

satheight

satroll

satpitch

satyaw

satgeoqa

glintgeoqa

moongeoga

nadirTAI

sat_lat

sat_lon

scan_node_type

glintlat

glintlon

state1

state2

cal_coef_a0

cal_coef_a0_err
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Unlimited Engineering
Struct (see below)

Unlimited Engineering
Struct (see below)

Type

32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point

32-bit
floating-
point

32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer
64-bit
floating-
point
64-bit
floating-
point
64-bit
floating-
point

8-bit integer

32-bit
floating-
point
32-bit
floating-
point
32-bit
integer
32-bit
integer
32-bit
floating-
point
32-bit
floating-

Unlimited Engineering
Struct (see below)

Unlimited Engineering
Struct (see below)

Calibration coefficient a1 summary QA
(K/count)

Calibration coefficient a2 summary QA
(K/count**2)

Summary QA on differences between warm
cal counts, DT=ABS(T1-T2)/SQRT(2)

Summary QA on differences between cold
cal counts, DT=ABS(T1-T2)/SQRT(2)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Along-Track Data Fields

These fields appear once per scanline (GeoTrack times).

Extra
Dimensions
None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Channel (=
15)

Channel (=
15)

Explanation

Satellite altitude at nadirTAl in km above reference ellipsoid (e.g. 725.2)

Satellite attitude roll angle at nadirTAI (-180.0 ... 180.0 angle about the +x
(roll) ORB axis, +x axis is positively oriented in the direction of orbital flight
completing an orthogonal triad with y and z.)

Satellite attitude pitch angle at nadirTAI (-180.0 ... 180.0 angle about +y
(pitch) ORB axis. +y axis is oriented normal to the orbit plane with the
positive sense opposite to that of the orbit's angular momentum vector H.)

Satellite attitude yaw angle at nadirTAI (-180.0 ... 180.0 angle about +z
(yaw) axis. +z axis is positively oriented Earthward parallel to the satellite
radius vector R from the spacecraft center of mass to the center of the
Earth.)

See Appendix D

See Appendix D

See Appendix D

TAI time at which instrument is nominally looking directly down. (between
footprints 15 & 16 for AMSU or between footprints 45 & 46 for AIRS/Vis &
HSB) (floating-point elapsed seconds since start of 1993)

Satellite geodetic latitude in degrees North (-90.0 ... 90.0)

Satellite geodetic longitude in degrees East (-180.0 ... 180.0)

'A' for ascending, 'D' for descending, 'E' when an error is encountered in
trying to determine a value.

Solar glint geodetic latitude in degrees North at nadirTAI (-90.0 ... 90.0)
Solar glint geodetic longitude in degrees East at nadirTAI (-180.0 ... 180.0)
Data state for AMSU-A1: 0:Process, 1:Special, 2:Erroneous, 3:Missing

Data state for AMSU-A2: 0:Process, 1:Special, 2:Erroneous, 3:Missing
(AMSU-A2 is AMSU-A channels 1 and 2)

Calibration coefficients to convert raw counts to antenna temperature (K)

Error estimate for cal_coef_a0 (K)

48



cal_coef_a1

cal_coef_a1l_err

cal_coef_a2

cal_coef_a2_err

a1_ColdCalPstion

a2_ColdCalPstion

a1_PLO_Redundncy

a11_mux_temp_used

al1_receiver_temp

al1_target_temp

a12_mux_temp_used

a12_receiver_temp

al12_target_temp

a2_diplexer_temp_used

a2_receiver_temp

a2_target_temp

ga_scanline

qga_receiver_al1
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point
32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point

8-bit integer

8-bit integer

8-bit integer

8-bit integer

32-bit
floating-
point
32-bit
floating-
point

8-bit integer

32-bit
floating-
point
32-bit
floating-
point

8-bit integer

32-bit
floating-
point
32-bit
floating-
point

8-bit
unsigned
integer

8-bit
unsigned
integer

Channel (=

Channel (=

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Calibration coefficients to convert raw counts to antenna temperature
(K/count)

Error estimate for cal_coef_a1 (K/count)

Calibration coefficients to convert raw counts to antenna temperature
(K/count**2)

Error estimate for cal_coef_a2 (K/count**2)

AMSU-A1 Cold Calibration Position 1-4 (Binary 0-3)

AMSU-A2 Cold Calibration Position 1-4 (Binary 0-3) (AMSU-A2 is AMSU-A
channels 1 and 2)

AMSU-A1 PLO Redundancy, 1: default (PLO 2);
0: redundant (PLO 1)

AMSU-A1-1 MUX Temperature use flag. (1: used MUX temperature for
AMSU-A1 receiver temperature;
0: used RF shelf temperature) (AMSU-A1-1 is AMSU-A channels 6, 7, 9-15)

AMSU-A1-1 receiver temperature used in calibration (MUX temperature or
RF shelf temperature as specified by a11_mux_temp_used) (AMSU-A1-1 is
AMSU-A channels 6, 7, 9-15) (C)

AMSU-A1-1 target temperature used in calibration (AMSU-A1-1 is AMSU-A
channels 6, 7, 9-15) (C)

AMSU-A1-2 MUX Temperature use flag. (1: used MUX temperature for
AMSU-A1 receiver temperature;

0: used RF shelf temperature) (AMSU-A1-2 is AMSU-A channels 3, 4, 5,
and 8)

AMSU-A1-2 receiver temperature used in calibration (MUX temperature or
RF shelf temperature as specified by a12_mux_temp_used) (AMSU-A1-2 is
AMSU-A channels 3, 4, 5, and 8) (C)

AMSU-A1-2 target temperature used in calibration (AMSU-A1-2 is AMSU-A
channels 3, 4, 5, and 8) (C)

AMSU-A2 diplexer Temperature use flag. (1: used diplexer temperature for
AMSU-A2 receiver temperature;
0: used RF shelf temperature) (AMSU-A2 is AMSU-A channels 1 and 2)

AMSU-A2 receiver temperature used in calibration (diplexer temperature or
RF shelf temperature as specified by a2_diplexer_temp_used) (AMSU-A2
is AMSU-A channels 1 and 2) (C)

AMSU-A2 target temperature used in calibration (AMSU-A2 is AMSU-A
channels 1 and 2) (C)

Scanline bitmap for AMSU-A: Bit 0: (LSB, value 1) Sun glint in this scanline;
Bit 1: (value 2) Coastal crossing in this scanline;

Bit 2: (value 4) Some channels had excessive NeDT estimate;

Bit 3: (value 8) Near sidelobe correction applied

Receiver bitmap for AMSU-A1-1 (AMSU-A1-1 is AMSU-A channels 6, 7, 9-
15): Bit 0: (LSB, value 1) Calibration was not derived, due to the instrument
mode;

Bit 1: (value 2) Calibration was not derived, due to bad or missing PRT
values;

Bit 2: (value 4) This scanline was calibrated, but the moon was in the space
view;

Bit 3: (value 8) This scanline was calibrated, but there was a space view
scan position err;

Bit 4: (value 16) This scanline was calibrated, but there was a blackbody
scan position error;

Bit 5: (value 32) This scanline was calibrated, but some PRT values were
bad or marginal;

Bit 6: (value 64) This scanline was calibrated, but there was a data gap;

Bit 7: (value 128) Some channels were not calibrated
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qga_receiver_al2

qa_receiver_a2

ga_channel

Name

Scanang

ftptgeoqa

zengeoqga

demgeoqa

satzen

satazi

solzen

solazi

sun_glint_distance

topog

topog_err

landFrac

landFrac_err

antenna_temp

brightness_temp

brightness_temp_err
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8-bit
unsigned
integer
8-bit
unsigned
integer

8-bit
unsigned
integer

Type

32-bit
floating-point

32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer

32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

16-bit integer
32-bit
floating-point
32-bit
floating-point
32-bit
floating-point
32-bit
floating-point
32-bit
floating-point

32-bit
floating-point

32-bit
floating-point

None

None

Channel (=
15)

Receiver bitmap for AMSU-A1-2:Same fields as defined for
qga_receiver_al1

Receiver bitmap for AMSU-A2:Same fields as defined for qa_receiver_a11

Channel bitmap for AMSU-A: Bit 0: (LSB, value 1) All space view counts
were bad for this channel and scanline;

Bit 1: (value 2) Space view counts were marginal for this channel and
scanline;

Bit 2: (value 4) Space view counts could not be smoothed;

Bit 3: (value 8) All blackbody counts were bad for this channel and scanline;
Bit 4: (value 16) Blackbody counts were marginal for this channel and
scanline;

Bit 5: (value 32) Blackbody counts could not be smoothed;

Bit 6: (value 64) Unable to calculate calibration coefficients for this scanline,
most recent valid coefficients used instead;

Bit 7: (value 128) Excessive NeDT estimated

Full Swath Data Fields

These fields appear for every footprint of every scanline in the granule (GeoTrack * GeoXTrack times).

Extra
Dimensions

None

None

None

None

None

None

None

None

None

None

None

None

None

Channel (=
15)

Channel (=

Explanation
Scanning angle of AMSU-A instrument with respect to the AMSU-A

Instrument for this footprint (-180.0 ... 180.0, negative at start of scan, 0 at
nadir)

See Appendix D

See Appendix D

See Appendix D

Spacecraft zenith angle (0.0 ... 180.0) degrees from zenith (measured relative
to the geodetic vertical on the reference (WGS84) spheroid and including
corrections outlined in EOS SDP toolkit for normal accuracy.)

Spacecraft azimuth angle (-180.0 ... 180.0) degrees E of N GEO)

Solar zenith angle (0.0 ... 180.0) degrees from zenith (measured relative to
the geodetic vertical on the reference (WGS84) spheroid and including
corrections outlined in EOS SDP toolkit for normal accuracy.)

Solar azimuth angle (-180.0 ... 180.0) degrees E of N GEO)

Distance (km) from footprint center to location of the sun glint (-9999 for
unknown, 30000 for no glint visible because spacecraft is in Earth's shadow)

Mean topography in meters above reference ellipsoid
Error estimate for topog

Fraction of spot that is land (0.0 ... 1.0)

Error estimate for landFrac

Raw antenna temperature in Kelvins

Antenna temperatures, with an empirically derived correction applied to
compensate for scan-position dependent bias. This correction is derived from
AIRS retrievals. (K)

Uncertainty in empirically derived brightness_temp bias correction, excluding
radiometer noise. (K)
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Special AIRS Types

AIRS works around the lack of support for records in HDF-EOS Swath by grouping related fields into pseudo-records. HDF-EOS
fieldnames are generated by concatenating the pseudo-record name with the subfield name, putting a "." character in between.
Since these record types do not exist at the HDF-EOS swath level, reading subfield "min" of AIRS field "QA_bb_PRT_a11"

involves reading HDF-EOS Swath field "QA_bb_PRT_a11.min".

Limited Engineering Struct: This type is used for engineering data fields for which there are known "yellow" limits.

Field Name Type Explanation
min gil_:tlt floating- Minimum value field takes on in granule (not valid when num_in = 0)
max gil_:tlt floating- Maximum value field takes on in granule (not valid when num_in = 0)
mean gil_:tlt floating- Mean of values field takes on in granule (not valid when num_in = 0)
dev gil_:tlt floating- Standard Deviation of values field takes on in granule (not valid when num_in < 2)
num_in 32-bit integer Count of in-range values field takes on in granule
num_lo 32-bit integer Count of out-of-range low values field takes on in granule
num_hi 32-bit integer Count of out-of-range high values field takes on in granule
num_bad 32-bit integer Count of occassions on which field takes on invalid flag value (-9999) in granule
. 32-bit floating- - .
range_min . Minimum in-range value.
point
32-bit floating- . .
range_max point Maximum in-range value.

Missing limits flags. Bit 0 (LSB) is 1 when yellow low (range_min) limit is missing;
missing 8-bit integer Bit 1 is high when yellow high (range_max) limit is missing;
other bits unused, set to 0.

max_track 32-bit integer GeoTrack index (counting from 1) where max was found
max_xtrack 32-bit integer GeoXTrack index (counting from 1) where max was found
min_track 32-bit integer GeoTrack index (counting from 1) where min was found
min_xtrack 32-bit integer GeoXTrack index (counting from 1) where min was found

Unlimited Engineering Struct: This type is used for engineering data fields for which there are NOT known "yellow" limits.

Field Name Type Explanation

min 32-bit floating-point |Minimum value field takes on in granule (not valid when num_in = 0)

max 32-bit floating-point |Maximum value field takes on in granule (not valid when num_in = 0)

mean 32-bit floating-point |Mean of values field takes on in granule (not valid when num_in = 0)

dev 32-bit floating-point |Standard Deviation of values field takes on in granule (not valid when num_in < 2)
num 32-bit integer Count of occurrences of field in granule (not including those counted in num_bad)
num_bad 32-bit integer Count of occassions on which field takes on invalid flag value (-9999) in granule
max_track 32-bit integer GeoTrack index (counting from 1) where max was found

max_xtrack 32-bit integer GeoXTrack index (counting from 1) where max was found

min_track 32-bit integer GeoTrack index (counting from 1) where min was found

min_xtrack 32-bit integer GeoXTrack index (counting from 1) where min was found
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A1-6. L1B AMSU QA Interface Specification

Interface Specification Version 5.0.14.0

2007-04-11

ESDT ShortName = "AIRABQAP"

Swath Name ="L1B_AMSU_QASup"

Level = "level1B"

# Footprints = 30

# scanlines per scanset = 1

Dimensions

These fields define all dimensions that can be used for HDF-EOS swath fields.

The names "GeoTrack" and "GeoXTrack" have a special meaning for this document: "Cross-Track" data fields have a hidden
dimension of "GeoXTrack"; "Along-Track" data fields have a hidden dimension of "GeoTrack"; "Full Swath” data fields have hidden
dimensions of both "GeoTrack" and "GeoXTrack".

Name Value

GeoXTrack 30

# of scan
GeoTrack lines in

swath
Channel 15

CalXTrack 4

SpaceXTrack |2

BBXTrack 2
WarmPRTA11 |5

WarmPRTA12 |5

Explanation

Dimension across track for footprint positions. Same as number of footprints per scanline. -- starting
at the left and increasing towards the right as you look along the satellite's path

Dimension along track for footprint positions. Same as number of scanlines in granule. Parallel to the
satellite's path, increasing with time. (Nominally 45 for Level-2, AMSU-A, and AIRS/Vis low-rate
engineering;

135 for AIRS/Vis and HSB high-rate quantities)

Dimension of channel array (Channel 1: 23.8 GHz;
Ch 2: 31.4 GHz;

Ch 3:50.3 GHz;

Ch 4:52.8 GHz;

Ch 5:53.596 +/- 0.115 GHz;

Ch 6: 54.4 GHz;

Ch 7:54.94 GHz;

Ch 8: 55.5 GHz;

Ch 9: fO;

Ch 10: f0 +/- 0.217 GHz Ch 11: fO +/- df +/- 48 MHz;
Ch 12: f0 +/- df +/- 22 MHz;

Ch 13: f0 +/- df +/- 10 MHz;

Ch 14: f0 +/- df +/- 4.5 MHz;

Ch 15: 89 GHz (f0 = 57290.344 MHz;

df = 322.4 MHz))

Dimension "across" track for calibration footprint positions. Same as number of calibration footprints
per scanline. (NUM_FOOTPRINTS_AMSU_CALIB) (Footprints are ordered: 1-2: spaceviews;
3-4: blackbody radiometric calibration source)

Dimension "across" track for spaceview calibration footprint positions in order of observation time.
(NUM_FOOTPRINTS_AMSU_SPACE)

Dimension "across" track for blackbody calibration footprint positions in order of observation time.
(NUM_FOOTPRINTS_AMSU_BB)

Number of PRTs measuring AMSU-A1-1 warm target (AMSU-A1-1 is AMSU-A channels 6, 7, 9-15)

Number of PRTs measuring AMSU-A1-2 warm target (AMSU-A1-2 is AMSU-A channels 3, 4, 5, and
8)
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WarmPRTA2 |7 Number of PRTs measuring AMSU-A2 warm target (AMSU-A2 is AMSU-A channels 1 & 2)

Geolocation Fields

These fields appear for every footprint (GeoTrack * GeoXTrack times) and correspond to footprint center coordinates and "shutter"
time.

Name Explanation

Latitude Footprint boresight geodetic Latitude in degrees North (-90.0 ... 90.0)
Longitude Footprint boresight geodetic Longitude in degrees East (-180.0 ... 180.0)
Time Footprint "shutter" TAl Time: floating-point elapsed seconds since Jan 1, 1993

Attributes

These fields appear only once per granule and use the HDF-EOS "Attribute" interface.

Name Type Explanation
. string of 8-bit . . . . " "
processing_level characters Zero-terminated character string denoting processing level ("level1B")
instrument string of 8-bit Zero-terminated character string denoting instrument ("AMSU-A")
characters

Zero-terminated character string set to "Night" when the subsatellite points
at the beginning and end of a granule are both experiencing night

DavNightFla string of 8-bit according to the "civil twilight" standard (center of refracted sun is below

yrig 9 characters the horizon). It is set to "Day" when both are experiencing day, and "Both"

when one is experiencing day and the other night. "NA" is used when a
determination cannot be made.

AutomaticQAFlag string of 8-bit gero—terwl?att_ed (ihara“cter strlng denoting granule data quality: (Always

characters Passed", "Failed", or "Suspect")

NumTotalData 32-bit integer Total number of expected channels * scene FOVs

NumProcessData 32-bit integer Number of channels scen_e FOVs which are present and can be
processed routinely (state = 0)

NumSpecialData 32-bit integer Number of channels scene FOVs Whl(ih are present and can be
processed only as a special test (state = 1)

NumBadData 32-bit integer Number of channfls scene FOVs which are present but cannot be
processed (state = 2)

NumMissingData 32-bit integer EL;Tber of expected channels * scene FOVs which are not present (state

NumLandSurface 32-bit integer Number of scene footprints for which the surface is more than 90% land

NumOceanSurface 32-bit integer Number of scene footprints for which the surface is less than 10% land
Zero-terminated character string denoting whether granule is ascending,

node tvpe string of 8-bit descending, or pole-crossing: ("Ascending" and "Descending" for entirely

-yp characters ascending or entirely descending granules, or "NorthPole" or "SouthPole"

for pole-crossing granules. "NA" when determination cannot be made.)

start_year 32-bit integer Year in which granule started, UTC (e.g. 1999)

start_month 32-bit integer Month in which granule started, UTC (1 ... 12)

start_day 32-bit integer Day of month in which granule started, UTC (1 ... 31)

start_hour 32-bit integer Hour of day in which granule started, UTC (O ... 23)

start_minute 32-bit integer Minute of hour in which granule started, UTC (O ... 59)

start_sec gil_:tlt floating- Second of minute in which granule started, UTC (0.0 ... 59.0)

start_orbit 32-bit integer Orbit number of mission in which granule started

end_orbit 32-bit integer Orbit number of mission in which granule ended

orbit_path 32-bit integer Orbit path of start orbit (1 ... 233 as defined by EOS project)

start_orbit_row 32-bit integer Orbit row at start of granule (1 ... 248 as defined by EOS project)

end_orbit_row 32-bit integer Orbit row at end of granule (1 ... 248 as defined by EOS project)

granule_number 32-bit integer Number of granule within day (1 ... 240)

num_scansets 32-bit integer Number of scansets in granule (1 ... 45)
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num_scanlines

start_Latitude

start_Longitude

start_Time

end_Latitude

end_Longitude

end_Time

eqg_x_longitude

eq_x_tai

orbitgeoqa

num_satgeoqa
num_glintgeoqa
num_moongeoqa
num_ftptgeoqa
num_zengeoqa
num_demgeoqa

num_fpe
LonGranuleCen
LatGranuleCen

LocTimeGranuleCen

num_scanlines_not_norm_mode_a1

num_scanlines_not_norm_mode_a2

num_missing_scanlines_a1

num_missing_scanlines_a2

num_data_gaps_a1

num_data_gaps_a2

num_instr_mode_changes_a1

num_instr_mode_changes_a2

num_scanlines_rec_cal_prob_a11

num_scanlines_rec_cal_prob_a12

num_scanlines_rec_cal_prob_a2

num_scanlines_sig_coast_xing
num_scanlines_sig_sun_glint
MoonInViewMWCount

32-bit integer

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

64-bit floating-
point

32-bit floating-
point

64-bit floating-
point

32-bit unsigned
integer

16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer
16-bit integer

16-bit integer
16-bit integer

16-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer

32-bit integer
32-bit integer
32-bit integer
32-bit integer

Number of scanlines in granule (1 * num_scansets)

Geodetic Latitude of spacecraft at start of granule (subsatellite location at
midpoint of first scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at start of granule (subsatellite location
at midpoint of first scan) in degrees East (-180.0 ... 180.0)

TAI Time at start of granule (floating-point elapsed seconds since start of
1993)

Geodetic Latitude of spacecraft at end of granule (subsatellite location at
midpoint of last scan) in degrees North (-90.0 ... 90.0)

Geodetic Longitude of spacecraft at end of granule (subsatellite location at
midpoint of last scan) in degrees East (-180.0 ... 180.0)

TAI Time at end of granule (floating-point elapsed seconds since start of
1993)

Longitude of spacecraft at southward equator crossing nearest granule
start in degrees East (-180.0 ... 180.0)

Time of eq_x_longitude in TAI units (floating-point elapsed seconds since
start of 1993)

See Appendix D

Number of scans with problems in satgeoqga
Number of scans with problems in glintgeoqa
Number of scans with problems in moongeoqga
Number of footprints with problems in ftptgeoqga
Number of footprints with problems in zengeoga
Number of footprints with problems in demgeoqa
Number of floating point errors

Geodetic Longitude of the center of the granule in degrees East (-180 ...
180)

Geodetic Latitude of the center of the granule in degrees North (-90 ... 90)

Local solar time at the center of the granule in minutes past midnight (O ...
1439)

Number of scanlines not in Process state (AMSU-A1) (AMSU-A1 is
AMSU-A channels 3-15)

Number of scanlines not in Process state (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2)

Number of scanlines with state = missing (AMSU-A1) (AMSU-A1 is
AMSU-A channels 3-15)

Number of scanlines with state = missing (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2)

Number of blocks of scanlines where State is not Process (AMSU-A1)
(AMSU-A1 is AMSU-A channels 3-15)

Number of blocks of scanlines where State is not Process (AMSU-A2)
(AMSU-A2 is AMSU-A channels 1 and 2)

Number of operational instrument mode changes (AMSU-A1) (AMSU-A1
is AMSU-A channels 3-15)

Number of operational instrument mode changes (AMSU-A2) (AMSU-A2
is AMSU-A channels 1 and 2)

Number of scanlines with non-zero qa_receiver (AMSU-A1-1) (AMSU-A1-
1is AMSU-A channels 6, 7, 9-15)

Number of scanlines with non-zero qa_receiver (AMSU-A1-2) (AMSU-A1-
2 is AMSU-A channels 3, 4, 5, and 8)

Number of scanlines with non-zero qa_receiver (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2)

Number of scanlines with ga_scanline coast crossing bit set
Number of scanlines with ga_scanline sun glint bit set

Number of scanlines in granule with the moon in the AMSU-A1 space view

54



QA_bb_PRT at1

QA_bb_PRT a12

QA_bb_PRT a2

QA _rec_PRT_a11

QA _rec_PRT_a12

QA _rec_PRT_a2

granules_present

QA_a11_warm_load_1_temp

QA_a11_warm_load_2_temp

QA_a11_warm_load_3_temp

QA_a11_warm_load_4_temp

QA_a11_warm_load_c_temp

QA_a11_rf_shelf_temp

QA_a11_rf_mux_temp

QA_a11_ref PRT_select

QA_a12_warm_load_1_temp

QA_a12_warm_load_2_temp

Al-6. L1B AMSU QA Interface Specification

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

string of 8-bit
characters

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

32-bit unsigned
integer

Limited
Engineering
Struct (see
below)

Limited

plus number of scanlines in granule with the moon in the AMSU-A2 space
view (0-90)

Blackbody PRT temperature summary QA (AMSU-A1-1) (AMSU-A1-1 is
AMSU-A channels 6, 7, 9-15) (C)

Blackbody PRT temperature summary QA (AMSU-A1-2) (AMSU-A1-2 is
AMSU-A channels 3, 4, 5, and 8) (C)

Blackbody PRT temperature summary QA (AMSU-A2) (AMSU-A2 is
AMSU-A channels 1 and 2) (C)

Receiver PRT temperature summary QA (AMSU-A1-1) (AMSU-A1-1 is
AMSU-A channels 6, 7, 9-15) (C)

Receiver PRT temperature summary QA (AMSU-A1-2) (AMSU-A1-2 is
AMSU-A channels 3, 4, 5, and 8) (C)

Receiver PRT temperature summary QA (AMSU-A2) (AMSU-A2 is AMSU-

A channels 1 and 2) (C)

Zero-terminated character string denoting which adjacent granules were

available for smoothing ("All" for both previous & next, "Prev" for previous
but not next, "Next" for next but not previous, "None" for neither previous
nor next)

Warm target temperature QA (C)

Warm target temperature QA (C)

Warm target temperature QA (C)

Warm target temperature QA (C)

Warm target temperature QA (C)

Receiver temperature QA (C)

Backup receiver temperature QA (C)

Number of times backup reference PRT selected

Warm target temperature QA (C)

Warm target temperature QA (C)
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Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

QA_a12_warm_load_3_temp Warm target temperature QA (C)

QA_a12_warm_load_4_temp Warm target temperature QA (C)

QA_a12_warm_load_c_temp Warm target temperature QA (C)

QA_a12_rf_shelf_temp Receiver temperature QA (C)

QA_a12_rf_mux_temp Backup receiver temperature QA (C)

32-bit unsigned
integer

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

Limited
Engineering
Struct (see
below)

QA_a12_ref_PRT_select Number of times backup reference PRT selected

QA_a2_warm_load_1_temp Warm target temperature QA (C)

QA_a2_warm_load_2_temp Warm target temperature QA (C)

QA_a2_warm_load_3_temp Warm target temperature QA (C)

QA_a2_warm_load_4_temp Warm target temperature QA (C)

QA_a2_warm_load_5_temp Warm target temperature QA (C)

QA_a2_warm_load_6_temp Warm target temperature QA (C)

QA_a2_warm_load_c_temp Warm target temperature QA (C)

QA_a2_rf_shelf_temp Receiver temperature QA (C)

QA_a2_rf_diplexer_temp Backup receiver temperature QA (C)

32-bit unsigned
integer

Reference PRT
counts (see

QA_a2_ref PRT_select Number of times backup reference PRT selected

QA_a11_NFAIL_primPRT Failure counts for AMSU-A1-1 primary reference PRT
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QA_a11_NFAIL_secPRT

QA_a12_NFAIL_primPRT

QA_a12_NFAIL_secPRT

QA_a2_NFAIL_primPRT

QA_a2_NFAIL_secPRT

These fields appear only once per granule and use the HDF-EOS "Field" interface.

Name

center_freq

IF_offset_1

IF_offset_2
bandwidth
num_calibrated_scanlines

num_scanlines_ch_cal_problems

bb_signals

space_signals

gain_stats

NeDT

QA_unfiltered_scene_count

QA_unfiltered_BB_count

QA_unfiltered_space_count

QA_cal_coef_a0

QA_cal_coef_a1

QA_cal_coef_a2

QA_bb_raw_noise_counts

below)

Reference PRT
counts (see
below)

Reference PRT
counts (see
below)

Reference PRT
counts (see
below)

Reference PRT
counts (see
below)

Reference PRT
counts (see
below)

Failure counts for AMSU-A1-1 secondary reference PRT

Failure counts for AMSU-A1-2 primary reference PRT

Failure counts for AMSU-A1-2 secondary reference PRT

Failure counts for AMSU-A2 primary reference PRT

Failure counts for AMSU-A2 secondary reference PRT

Per-Granule Data Fields

Type
32-bit floating-point

32-bit floating-point

32-bit floating-point
32-bit floating-point
32-bit integer

32-bit integer
Unlimited

Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

32-bit floating-point

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct

Extra Dimensions
Channel (= 15)

Channel (= 15)

Channel (= 15)
Channel (= 15)
Channel (= 15)
Channel (= 15)

BBXTrack (= 2) *
Channel (= 15)

SpaceXTrack (= 2) *
Channel (= 15)

Channel (= 15)

Channel (= 15)

GeoXTrack (= 30) *
Channel (= 15)

BBXTrack (= 2) *
Channel (= 15)

SpaceXTrack (= 2) *
Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)
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Explanation
Channel Center frequency (GHz)

Offset of first intermediate frequency stage
(MHz) (zero for no mixing)

Offset of second intermediate frequency stage
(MHz) (zero for no second mixing)

bandwidth of sum of 1, 2, or 4 channels (MHz)

Number of scanlines that had calibration coefs
applied

Number of scanlines with non-zero qa_channel

Statistics on blackbody calibration signals (data
numbers with offset subtracted)

Statistics on spaceview calibration signals (data
numbers with offset subtracted)

Statistics on gains (count/K)

Instrument noise level estimated from warm
count scatter (K)

Per footprint position raw scene count summary

QA

Per BB footprint position raw warm count
summary QA (unfiltered)

Per space footprint position raw cold count
summary QA (unfiltered)

Calibration coefficient a0 summary QA (K)

Calibration coefficient a1 summary QA
(K/count)

Calibration coefficient a2 summary QA
(K/count**2)

Summary QA on differences between warm cal
counts, DT=ABS(T1-T2)/SQRT(2)



QA_sv_raw_noise_counts

QA_raw_cold_count

QA_raw_warm_count

QA_cold_count

QA_warm_count

QA_smoothed_cold_count

QA_smoothed_warm_count

QA _raw_count

QA_a11_NFAIL_wPRT

QA_a12_NFAIL_wPRT

QA_a2_NFAIL_wPRT

QA_NFAIL_WC_bad_val

QA_NFAIL_WC _lo_lim

QA_NFAIL_WC_hi_lim

QA_NFAIL_CC_bad_val

QA_NFAIL_CC_lo_lim

QA_NFAIL_CC_hi_lim

QA_NFAIL_CC_moon_flag

QA_NFAIL_CAL_not_proc_state

QA_NFAIL_CAL_no_reuse_coef

QA_NFAIL_CAL_ref PRT

QA_NFAIL_CAL_warm_temp

QA_NFAIL_CAL_cold_temp

QA_NFAIL_CAL_wC_no_val_data

QA_NFAIL_CAL_wC_in_scan

QA_NFAIL_CAL_wC_smoothing
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(see below)

Unlimited
Engineering Struct
(see below)

Limited Engineering
Struct (see below)

Limited Engineering
Struct (see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Unlimited
Engineering Struct
(see below)

Warm PRT counts
(see below)

Warm PRT counts
(see below)

Warm PRT counts
(see below)

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

WarmPRTA11 (= 5)
WarmPRTA12 (= 5)
WarmPRTA2 (= 7)
Channel (= 15)
Channel (= 15)
Channel (= 15)
Channel (= 15)
Channel (= 15)
Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)
Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)

Channel (= 15)
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Summary QA on differences between cold cal
counts, DT=ABS(T1-T2)/SQRT(2)

Raw cold count summary QA

Raw warm count summary QA

(qual and averaged) Cold count summary QA

(qual and averaged) Warm count summary QA

Smoothed cold count summary QA

Smoothed warm count summary QA

Science count summary QA

Failure counts for AMSU-A1-1 warm target
PRT

Failure counts for AMSU-A1-2 warm target
PRT

Failure counts for AMSU-A2 warm target PRT
Number of warm target input count failures per
channel for bad values

Number of warm target input count failures per
channel for Low limit violation

Number of warm target input count failures per
channel for High limit violation

Number of cold cal (space view) input count
failures per channel for bad values

Number of cold cal (space view) input count
failures per channel for Low limit violation

Number of cold cal (space view) input count
failures per channel for High limit violation

Number of cold cal (space view) input count
failures per channel for moon in field-of-view

Number of calibration failures per channel for
data not in process state (missing or special
calibration mode or bad)

Number of calibration failures per channel for
lack of reusable a0, a1, & a2 coefficients

Number of calibration failures per channel for
problems with the reference PRTs

Number of calibration failures per channel for
determination of warm target temperature

Number of calibration failures per channel for
determination of cold cal (space view)
temperature

Number of calibration failures per channel for
insufficient valid warm calibration data

Number of calibration failures per channel for
excessive in-scan warm count variability

Number of calibration failures per channel for



QA_NFAIL_CAL_cC_no_val_data

QA_NFAIL_CAL_cC_in_scan

QA_NFAIL_CAL_cC_smoothing

QA_NFAIL_CAL_chan_missing

QA_NFAIL_CAL_other

Name

satheight

satroll

satpitch

satyaw

satgeoqa

glintgeoqa

moongeoga

nadirTAI

sat_lat

sat_lon

scan_node_type

glintlat

glintlon

state1

state2
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16-bit integer

16-bit integer

16-bit integer

16-bit integer

16-bit integer

Type

32-bit
floating-
point
32-bit
floating-
point
32-bit
floating-
point

32-bit
floating-
point

32-bit
unsigned
integer
16-bit
unsigned
integer
16-bit
unsigned
integer
64-bit
floating-
point
64-bit
floating-
point
64-bit
floating-
point

8-bit integer

32-bit
floating-
point
32-bit
floating-
point
32-bit
integer

32-bit

insufficient raw warm counts for smoothing

Number of calibration failures per channel for

Channel (= 15) insufficient valid cold cal (space view) data

Number of calibration failures per channel for
excessive in-scan cold cal (space view) count
variability

Channel (= 15)

Number of calibration failures per channel for
insufficient raw cold cal (space view) counts for
smoothing

Channel (= 15)

Number of calibration failures per channel
because channel is not implemented (HSB
channel #1)

Channel (= 15)

Number of calibration failures per channel for

Channel (= 15) other reasons

Along-Track Data Fields

These fields appear once per scanline (GeoTrack times).

Extra

Dimensions

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Explanation

Satellite altitude at nadirTAl in km above reference ellipsoid (e.g. 725.2)

Satellite attitude roll angle at nadirTAI (-180.0 ... 180.0 angle about the +x
(roll) ORB axis, +x axis is positively oriented in the direction of orbital flight
completing an orthogonal triad with y and z.)

Satellite attitude pitch angle at nadirTAI (-180.0 ... 180.0 angle about +y
(pitch) ORB axis. +y axis is oriented normal to the orbit plane with the
positive sense opposite to that of the orbit's angular momentum vector H.)

Satellite attitude yaw angle at nadirTAI (-180.0 ... 180.0 angle about +z
(yaw) axis. +z axis is positively oriented Earthward parallel to the satellite
radius vector R from the spacecraft center of mass to the center of the
Earth.)

See Appendix D

See Appendix D

See Appendix D

TAI time at which i